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GENERAL PREFACE 


For the past six years the writer has been closely associated 
with the authors of the teaching enterprise of which the present 
volume is the outcome. He has watched them formulate their 
objectives, organize and recast their material, try out and dis- 
card one device in the technique of teaching after another— 
all in the presence of the most impartially critical of audiences: 
a succession of boys and girls who learn or do not learn ac- 
cording as we succeed or fail as teachers. The experimental 
organization of a course requires patience; if it does not work 
satisfactorily this year, we can forthwith form our hypotheses 
touching the cause of failure; but we must wait a year before 
we can experiment further. Such has been the history of the 
development of this text. 

The mission of the older textbooks in science was apt to be 
the teaching of principles which were or were not, as fate de- 
creed, applied to the interpretation of the environment. Educa- 
tion was confounded with erudition, and the more a boy knew, 
the better educated he was presumed to be. The general science 
movement interprets its task to be that of helping the younger 
generation to understand the world in which it finds itself. 
We accordingly do not teach principles and then apply them: 
we teach the child about the world, and in the process certain 
of the fundamental principles of science come to be definite 
realities. The center of effort, however, is the child and his 
adjustment, and not knowledge for its own sake. ; 

The authors have been singularly diligent in their adherence 
to this guidance. The environment is presented in some 
seventeen units, embracing the principal aspects in which it is 
manifested in the common life of society. Attention is focused 
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upon the understanding of the world in each of these aspects. 
The pupil is first taken up into a high place and shown the 
scene as a whole, not as a syllabus or table of contents, but 
as a coherent and comprehensible picture. The process is 
repeated for each of the seventeen units and for each of the 
major phases of each unit. Each unit can be understood by 
the pupil in terms of its concrete meaning to his own life and 
to that of the society of which he is a part. This is very 
different from beginning with a definition of physics or chem- 
istry and thence pursuing the presentation in the logical order 
of development of the science. It is different too from a 
series of chapters describing natural phenomena and their 
meaning, capable of being read, and memorized if you will, 
but not capable of producing any modification of the pupil’s 
attitude toward his world except in casual instances. 

Successful learning in this or in any related field implies 
not only the acquisition of new concepts and the attainment 
of new attitudes, but it implies the inclination to seek farther 
and the ability to do so. The essence of educating an American 
citizen is to set him going under his own power and point him 
right. In a word, successful teaching results in the develop- 
ment of ability to study and the discovery of intellectual 
interest. 

The backbone of the text is therefore the exercises provided 
for study. Rightly understood, these are not directions for 
study, but the media in which directed study can be done and 
in which the kind of study ability which is specific to the 
sciences can grow. If the text were simply descriptive and 
explanatory material interestingly illustrated, it would doubt- 
less be valuable for reading purposes but scarcely worthwhile 
for assigning class meetings or for paying teachers to work 
with. The teacher and the descriptive pages are essential to 
the learning process, but understanding and insight appear 
only as the result of hard study, prolonged study, and well 
directed study. 
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The test of learning is: what will the pupil of his own initi- 
ative do with it? Accordingly, the exercises throughout are 
their own testing, and the ultimate test is furnished in the 
voluntary supplementary projects listed for each unit. If 
the pupil elects to work at these projects as he has oppor- 
tunity, we have perhaps the best possible evidence that the 
course is establishing in him the new attitudes which are not 
only the ultimate test of learning but are learning itself. 


Henry C. Morrison. 
The University of Chicago, 1925 
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AND 


FOREWORD TO TEACHERS 


The contributions of science study to present-day life are 
so manifold and important that we have come to speak of 
this age as the age of science. Everywhere, in the home, 
the school, the playground, the workshop, and the community 
in general, the phenomena and applications of science influence 
our lives. Citizens of today can better understand, enjoy, 
appreciate, and control their environment, and adjust them- 
selves to it, through knowledge of the science involved in the 
daily problems of sensible, happy, healthful, comfortable, and 
efficient living. Their intellectual, moral, and ethical char- 
acter depends in part upon their understanding of and their 
attitude toward the forces and materials of nature. 

Our boys and girls grow up in this scientific age and become 
the citizens of the next generation. At the adolescent period 
their natural interest in the environment creates a desire and a 
demand to know something of the great contributions of 
science to modern life and to human progress; their near 
approach to adult citizenship makes the need for science 
knowledge and for correct attitudes toward science problems 
imperative. They must be acquainted with and have training 
in the proper methods of thinking about such problems, so 
that they may be able to do such thinking for themselves. 

The immediate aim of science instruction in the years fol- 
lowing the elementary school period is, therefore, the broad- 
ening of the youth’s experiences with the forces and materials 
of his environment and the developing of an attitude of open- 
mindedness and a spirit of inquiry concerning the nature, value, 
and use of science in modern life. Along with this experience- 
getting and attitude-forming come the power and inclination 
to do effectively what civilization demands of every citizen. 
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And out of these results grow the appreciation of nature and 
the cultural and enjoyment values which help to build indi- 
viduality and character. The ultimate aim of introductory 
science is, then, the active and wholesome participation in the 
desirable activities of life, or good citizenship. If science in- 
struction in the early years of high school meets this objec- 
tive, it will in an equal degree meet the objective of exploring 
the fields of science, and will thereby stimulate and guide 
the student in his later study. 

The formulation of the course of study in science for the 
adolescent youth is a difficult task. Such a course must 
attain the aims stated in the preceding paragraph. The 
subject-matter and the method of study must appeal to the 
student. The knowledge and training involved must be 
worthwhile and usable in daily life. Careful selection from 
a wide field of knowledge must be made. The content must 
be organized for an actual study or teaching situation. The 
method of presentation must conform to the best modern 
practice. Only by trial and error in the classroom can all 
of these criteria be met. 

We, the authors, have thoroughly tested the study material 
in this book in the light of valid criteria. Since 1913 we have 
been associated in science classrooms with students of the 
adolescent age. Their interests, needs, and abilities have been 
carefully studied. Available educational literature and actual 
practice bearing on science instruction have been thoroughly 
examined and observed. 

Hight years ago we began to formulate mimeographed study 
material for use in the classroom. Each year since that time 
the material has been revised according to the valid criticisms 
arising during its use. A considerable number of other teach- 
ers in the department and in other schools have assisted 
in this work. Many secondary-school administrators and 
teachers of science have visited our classes and have offered 
numerous criticisms and suggestions for improvement. Par- 
ticular assistance has been given by the hundreds of science 
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teachers who have been students in our teacher-training 
courses during the eight-year period. 

In the selection of subject-matter four major points have 
been constantly before us: 

First, the subject-matter must be based upon past experi- 
ences of boys and girls and must broaden their knowledge of 
the environment. Knowledge which will result in an adjust- 
ment to the environment will necessarily emphasize the hygienic 
aspects of daily life. Reference to the table of Contents 
will show how this principle of selection has been kept in mind 
throughout the course. Second, these materials must satisfy 
the student’s natural interests in the phenomena and applica- 
tions of science. Thousands of questions by students, various 
investigations of their interests made by different educators, 
and, above all, daily association with a large number of classes 
over a period of years have assisted in meeting this second 
criterion. Third, the subject-matter must be of the proper 
degree of difficulty. The ability of the students thoroughly 
to understand the content of the course under classroom con- 
ditions has been, therefore, a guiding principle. This requires 
a degree of difficulty which insures a proper demand on the 
student’s power of thinking as well as the satisfaction which 
comes through successful accomplishment of the activities 
involved. Fourth, the organization of the materials for teach- 
ing purposes and the consequent method of study must give 
training in proper methods of study in order to develop desir- 
able attitudes, correct study habits, high ideals, wholesome 
interests, and worthwhile perspectives. 

The selection of subject-matter for a course is no more 
important than the organization and presentation of such 
subject-matter for training students. During the years of 
experimentation on the course presented in this text many 
plans of organization have been tested. The result of the 
classroom experimentation has led us to organize the content 
into relatively few units, each unit representing a major topic 
or problem of everyday social significance. With such a plan 
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students approach and see the facts and principles of science 
in their proper environmental relations, and use only such 
facts and principles as are necessary to solve the major prob- 
lems of their surroundings. The artificial distinctions be- 
tween special sciences as organized by specialists are of little 
consequence in the life of the average citizen and are, there- 
fore, postponed to later elective courses in science. 

The number of units is small. This is in accord with the 
recommendations of several recent committees on intro- 
ductory science courses. Experimentation has shown that 
such a plan eliminates the piecemeal memoriter type of learn- 
ing which resulted when the course was divided into many 
chapters or units, and provides instead a medium for the 
understanding of worthwhile phases of the environment 
through more extended and more thorough study of the rela- 
tionships of the science facts involved. Moreover, tests have 
proved that even the facts and principles of science are better 
remembered when studied as a part of a major problem. The 
small number of units has, therefore, been decided upon to 
afford real training value and to eliminate the encyclopedic 
treatment of science. Y 

While the content of the various units is arranged in a 
sequential order of development which gives the student a 
story of his environment, it is well to think of each unit as a 
“block of study.”” Essentially the book is a study-book. Each 
unit is constructed in such way that the laws of learning and of 
problem-solving are used. This plan of organization demands 
that the treatment be full enough to cover the gaps so com- 
mon in an encyclopedic treatment of science. The study of 
a considerable amount of related material is the only sure way 
to arrive at a thorough understanding of a problem. 

The Pretimrnary Exercises which precede each unit 
furnish concrete means for recall of past experiences and 
knowledge pertinent to the new unit. At the same time they 
review units previously studied in so far as the knowledge is 
necessary in the new topic or problem. Such recall and review 
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motivate the work and are in accord with the important prin- 
ciple of proceeding from the known to the unknown. The 
exercises are so stated that each student can test himself in 
writing and thereby furnish the teacher with a diagnostic 
measure of his students’ residue of knowledge before they 
proceed further in the unit. With such diagnosis the teacher 
may know which points to emphasize in the later study and 
may also properly fit the course to the individual student. 

A Story or THE Unir follows the PreLiminary EXERCISES. 
This brief sketch of the unit content covers only a few pages. 
It gives the pupil a bird’s-eye-view of the unit, emphasizing 
the development of man’s knowledge in the particular topic, 
his dependence upon the understanding of that topic, and his 
use of such understanding. Moreover, it further motivates 
his later study and assists him in relating the less important 
details of the problems which follow to the central idea of the 
unit. Experimentation has shown that the story serves its 
purpose best if presented by the teacher in a short, clear talk 
of from 10 to 20 minutes. 

With the proper motivation and with an over-view of the 
unit in mind, the pupil next turns to a careful, detazled study 
of the important problems into which the unit is naturally sub- 
divided in daily life. Here he is provided with many activities 
which broaden his knowledge and give him training in the 
proper study attitudes and in the methods of solving prob- 
lems. Throughout the problems he finds various exercises, 
planned not only to recall usable experiences and to acquire 
new ones, but also to test his understanding of the reading and 
of the experiments performed during his study. 

The content of the problems is so planned that either the 
individual or the group method of instruction may be used. 
The exercises may be done by individual pupils or used as a 
basis for class discussion and quiz. In either case they give 
training and practice in such important activities as: (a) oral 
or written expression, (b) silent reading, (c) interpretation of 
the printed page, (d) interpretation of experiments, (e) inter- 
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pretation of maps, diagrams, tables, or graphs, (f) preparing 
outlines, (g) summarizing knowledge, (h) reorganizing knowl- 
edge for new purposes, (7) drawing, (j) finding information in 
source material, and (k) studying home and shop appliances. 

These activities thus furnish abundant opportunity for 
correlation of the work in science with courses in English, 
mathematics, drawing, civics, and manual or domestic art. 
Since each kind of activity appears in several different parts 
of the course, there will result the value of practice and repeti- 
tion in correct methods of performing such activities. 

Especial attention has been given throughout the text to 
the experiments and illustrations. The materials and appar- 
atus for the experiments have been selected so that the small 
school as well as the large school will have no difficulty in 
securing them. The Teacher’s Guide-Book contains sug- 
gestions for many alternative experiments. An unusually 
large number of illustrations to which the text makes constant 
reference has been included. In order to insure the study of 
these illustrations, exercises have been formulated which 
require the students to make careful analyses of them. 

In order to provide for individual differences of interest 
and ability there are ADDITIONAL EXERCISES AND PROJECTS 
placed at the end of each unit. At the end of the text proper 
there are lists of Topics AND PRrosEcTS FOR INVESTIGATION 
and REFERENCES for each unit. The AppiTronaL EXERCISES 
AND Prosercts are of such nature that the better students can 
do them with little or no further study beyond the unit con- 
tent. The Topics AnD ProJEcTS FOR INVESTIGATION represent 
subjects which are related to the unit, but which will require 
considerable study or experimentation beyond the subject- 
matter of the unit. The REereREeNces will suggest extended 
source material for further study. The best references for 
the Topics AND ProJects For INVESTIGATION are given after 
each topic or project. The teacher may shorten the course 
here outlined by judicious elimination of some of the numerous 
exercises. On the other hand, the course may be extended 
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by the inclusion of as many of the AppITIONAL EXERCISES AND 
ProseEcts or of the Topics AND ProsEcTS FOR INVESTIGATION 
as may seem desirable. The list of references is intentionally 
made very long to assure that some of the books given may be 
found in any library. Selected lists with publishers’ names 
and prices will be found in the Teacher’s Guide-Book. 

On page xxi will be found a section To THE STUDENT. 
This section contains a brief story of the entire course. It 
also includes directions on ‘“‘How to Study This Book.” These 
will assist the student to understand the “how and why” of 
each step in his study, thus making his various activities 
purposeful. The teacher should not fail to direct his students 
to read this section carefully before beginning the study of 
Unit I. Detailed instructions and suggestions to the teacher 
will be found in the Teachers’ Guide-Book, which may be 
obtained from the publishers. 

The pronunciation of all difficult words and of proper names 
is given in the Pronunciation List beginning on page 575. 
It is urged that the teachers encourage in the students the 
habit of using the List and of pronouncing all terms correctly. 
The pronunciations are given according to Webster’s Dic- 


tionary. 
CHARLES J. PIEPER 
Wixsur L. BEAUCHAMP 
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TO THE STUDENT 


Nature holds many interesting secrets. Some of these you 
learn by observing what goes on around you; others you read 
about or hear discussed from time to time; many you can 
never hope to know unless you study science. Until you have 
studied the science of nature (natural science), you will be 
ignorant of the wonderful forces and materials which nature 
has provided for your education, your comfort, your enjoy- 
ment, and your well-being. Like the primitive man of old or 
the savage of today, you can have only ignorance, fear, and 
strange superstitions about your surroundings. With a knowl- 
edge of science and the scientific way of thinking about life, 
you will come to know, enjoy, and appreciate nature, and 
therefore be a happier and better member of your home and 
community. 

This book will, if you use it properly, acquaint you with 
some forces and materials of nature and, at the same time, 
show you how to think about your surroundings in a scientific 
way. The story of the “things” to be studied and the method 
you will use are stated in Sections (A) and (B) following. 


(A) THE STORY OF THIS BOOK 


Imagine, for a moment, that you are living centuries ago 
when man knew little about the earth and its place among the 
heavenly bodies. The shape, size, and movements of the 
earth are unknown to you. The causes of day and night and 
the seasons have not been explained. The changes in weather 
and their causes, as well as the climate of your region, are 
puzzles; perhaps man has not even tried to understand them. 
You and your neighbors spend the days providing food and 
seeking ways to protect yourselves against the weather, climate, 
beasts, fire, and other men. You live on raw food and know 
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little or nothing about cultivating the soil. Your water supply 
is obtained from springs or streams. There is no knowledge 
of how to keep in good health. The cause of disease and 
methods of protecting yourself from disease have not been 
considered. Present-day clothing and building materials do 
not exist. Machinery for farming and factory use has not 
been invented; there are no farms or factories. The use of 
fire for manufacturing materials such as iron, steel, cement, 
and glass, is yet undiscovered. Dwellings, such as they are, 
are neither heated nor lighted. The many conveniences and 
devices in your present-day home are lacking. 

“What a strange world!” you say. It does seem strange to 
one who has known only the world of the twentieth century. 
Yet, for centuries man lived in such primitive conditions. All 
sorts of strange imaginings and notions were his. As the years 
passed, however, he began to understand nature better. Being 
able to see, hear, smell, taste, feel, and, above all, to think 
and to reason with himself and his neighbors, he came to 
explain some of nature’s wonders. Particularly during the 
last few centuries he has made great progress in his knowledge 
and use of the things which nature provides. 

Today, because of the many discoveries and inventions, we 
live in an age of science. We know something of the place of 
the earth in the universe, its movements, and their effects. 
Climate and weather are understood, at least in part. A 
knowledge of farming allows us to produce a great variety of 
foods which we know how to select, prepare, cook, serve, and 
preserve in different ways. <A purified water supply can be 
obtained and distributed to our buildings, and the dangerous 
wastes and sewage can be made harmless. The value to 
health of good food, pure water, fresh air, exercise, sleep, rest, 
and proper clothing is understood, and the causes and methods 
of prevention of many diseases have been discovered. Man 
has learned how to make use of such forces as fire, steam, air, 
water, electricity, heat, light, and sound. Various building 
materials, heating and cooking devices, lighting devices, ma- 
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chines, engines, electrical inventions, and methods of trans- 
portation and communication show further the great difference 
between the life of today and the life of years past. 

The field of man’s knowledge is so large that it would re- 
quire many years to know thoroughly only one small portion 
of the science of your surroundings. You can, however, by a 
careful study of this book get a start into the secrets of science, 
and also develop an interest for the further study of some 
particular science in later years. 

Let us get first a bird’s-eye view of the earth on which we 
live and of what man has learned about some of the great ° 
forces and materials of nature. Look, now, through the table 
of Contents to see the titles of the different units, or major 
topics, which you will study. Then return to this story, 
keeping in mind that the following paragraphs give a picture 
of each unit. The paragraphs consider the units in the same 
order in which they are listed in the table of Contents. 

THE Eartu on Wuicu You LivE is but a small part of the 
great Universe (Unit I). Thousands of stars are scattered 
in space. These stars are really enormous bodies millions and 
millions of miles from the earth. One of the stars, the nearest 
to the earth, is the sun—the center around which the earth 
and seven other planets revolve. The sun, planets, and moons 
are the principal members of the solar system, or sun’s family. 
Of all these bodies the earth is most interesting to you because 
it is your home. Its forces and materials, and the heat and 
light from the sun, make life possible; its movements cause 
day and night, the seasons, changes in time, weather, and 
climate; the land, water, and air furnish you with the essentials 
and comforts for your daily existence. 

While there are many forces and materials in your surround- 
ings, perhaps no two forces are more important than WEATHER 
AND CuimaTE (Unit II). These determine where you live, 
what you eat, the clothes you wear, the kind of houses in 
which you live, your health, and, in fact, nearly everything 
you have and do. Favorable weather and climate have been, 
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since the earliest days of man’s existence, two of the greatest 
factors in his progress. Climate and civilization appear to be 
closely related. Moreover, as man has learned to understand and 
predict weather changes and to know the climates of different 
regions, he has been able to live more comfortably and efficiently. 

Your existence on the earth requires certain essential ma- 
terials. Provipinc a Goop Foop Suprry (Unit III) is one 
of our most important problems. Your food supply has 
always come from the green plants, ‘which are the food fac- 
tories of the earth. Whether you eat the plant products or 
the animals which feed on the plants, you must depend upon 
the plants for your daily menu. In early times man lived on 
raw plants and animals. He had no scientific way to select, 
prepare, cook, or preserve his food. As the centuries passed, 
he learned to make use of fire for cooking. A study of the 
composition of foods and the use which the body makes of 
the different kinds led to a knowledge of how to select that 
which is best to insure a healthy body. The cause of decay 
and scientific methods of preserving and transporting foods 
were also discovered. 

Nature has furnished you with another essential for life. 
Without water you can live but a short time. OBTAINING A 
Goop WatrsrR Suppty (Unit IV) is another of man’s great 
problems in life. Even in primitive times communities were 
established where nature provided springs or other sources 
of fresh water. Later, water was obtained from underground 
sources or from distant lakes and rivers. Today every com- 
munity has as one of its most important problems that of 
furnishing its inhabitants with a plentiful and pure water 
supply. Pumps, reservoirs, pipes, faucets, and hydrants 
are now in use. The water used for drinking purposes 
must be pure, that is, free from the germs which cause such 
diseases as typhoid fever and cholera. Science has made it 
possible not only to obtain and distribute the necessary supply 
for all purposes, but also to prevent the germs from entering 
it and to purify the water which does contain these germs. 
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Following the unit on water supply, we shall consider one 
of man’s greatest problems in life—that of Kmnprne in Goop 
PuysicaL Conpition (Unit V). The human body is a very 
complex machine, which requires as essentials food, water, 
and air. Man’s study of his own body has taught him how 
it works, the uses it makes of the three essential materials 
which are taken into it through the mouth and nose, the 
value and need of exercise, sleep, rest, and proper clothing, 
the care of its different parts, and first aid measures in emer- 
gencies. The science of keeping well is one of man’s greatest 
fields of discovery. It is a science which you should know if 
you wish to be healthy, happy, and efficient. 

As indicated in the last paragraph, proper methods of 
SELECTING AND CARING FOR OuR CLoTuHING (Unit VI) have be- 
come a practical necessity for life. This is particularly true 
in certain regions where the climate and weather changes are 
marked. Cotton, linen, wool, and silk furnish us with many 
kinds of clothes. Rubber, straw, leather, and paper are also 
used. A knowledge of chemicals and their actions has made it 
possible to bleach, cleanse, and dye clothing materials as well as 
to make new materials. The body’s need for protection and 
our artistic sense have led to the science of procuring and manu- 
facturing clothing materials. Our knowledge of sanitation 
and our pride in cleanliness have resulted in our study of 
methods of keeping our clothes clean. 

In connection with the care of the body and proper clothing 
we naturally think of the dangers of disease. No discovery of 
man is more important than that which Louis Pasteur, a 
French scientist, made during the latter part of the nineteenth 
century. It was he who first learned that the real cause of a 
certain disease was the presence of germs. As a result, we 
know today that most deseases are caused by germs, and it is 
possible to understand in part how the germs get into our 
bodies, how they make us sick, how we may avoid the spread- 
ing of disease, how we can protect the body against the rav- 
ages of the germs, and how our bodies should be treated when 
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we are sick. PROTECTING OURSELVES From DisEask (Unit VII) 
has thus become a scientific matter of daily importance. 

In his struggle with nature, man early learned how to 
make use of one of her greatest gifts, fire. Through a study 
of Tue NaTurE AND ContTROL OF Fire (Unit VIII), man has 
found that fire can be used to cook his food, to furnish heat 
and light, and to make many of his building materials and 
tools. He has also learned what materials burn, and that the 
air and a certain temperature are necessary to cause burning. 
A great variety of uses of fire has been discovered. Many 
kinds of fire materials, or fuels, are used. Man’s knowledge of 
fire has been one of his triumphs in understanding nature. He 
knows how to use it and also how to prevent its dangers. 

Man seems never to be satisfied with his present conditions 
and knowledge. His desire for comfort, health, and efficiency, 
and his competition with others, have caused him to study and 
to discover many truths about nature, and to perfect many 
new inventions. ProvipInc Herat anp FrREesH AIR IN OvUR 
Buitpines (Unit IX) represents two great steps in man’s 
progress. Since the early days when man sat around the 
campfire or open fire to keep warm, great progress has been 
made in perfecting heating devices. We have our fireplaces, 
stoves, furnaces, fireless cookers, and other devices for using 
heat. What a change from the unpleasant open fire in one 
corner of the room and the smoky air within the hut to the 
modern steam or hot-water heating plant! 

Through the use of fire and fuels, many MaTerIALs FOR 
Construction (Unit X) have been made. In _ primitive 
times man lived in shelters made of trees or earth, and used 
for his tools such crude devices as he could make from wood 
or stone. When, however, he learned how to manufacture 
iron and steel and other metals, he could make tools, machines, 
and thousands of devices which we use today. Wood and 
stone could be cut to any shape; lime, cement, and glass could 
be manufactured; fireproof buildings could be constructed; 
modern heating devices could be made. Contrast our modern 
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homes and modern machinery with the shelters and crude tools 
of primitive man, and you will see what science has done for 
us in providing materials which we can use for making things. 

Equally great progress has been made in man’s use of tools 
and Macuines ror Doing Worx (Unit XI). The crude 
tools of former years, made of wood and stone, have been 
replaced by all sorts of metal tools and machines. Fire has 
made it possible to manufacture these, and today we find a 
variety of devices used to help man do what he formerly did 
with his unaided strength. Many of the simple tools and 
machines which use man’s own strength as a source of ‘‘power’”’ 
are found in every home and in every factory. 

Man has also learned to save his strength and time by 
PuTTING THE ForcEs oF AIR AND WATER TO Work (Unit XII). 
He uses air pressure to operate pumps, siphons, and various sim- 
ple devices. Air can be compressed and used to operate air 
brakes on trains as well as to inflate automobile tires. Wind- 
mills have been devised to make use of air in motion. Water 
has also been put to work in running water wheels of various 
kinds for the purposes of operating machines and of generating 
electricity. 

As fire came to be better understood, it was used as a source 
of power. It is the heat of burning fuel which generates steam 
in the steam engine and which produces the power in a gas or 
gasoline engine. The forces of steam and exploding gas in 
these two kinds of engines saw our wood, cultivate the soil, 
dig ditches, harvest the crops, make roads, propel our auto- 
mobiles, steamships, airplanes, and locomotives, run all kinds 
of complicated machines in factories, and, in many other ways, 
work for us. Using STEAM AND EXPLODING GAs FOR POWER 
(Unit XIII) will be an interesting problem for your study. 

And now we come to GENERATING AND UsinG ELEcrTRICITY 
(Unit XIV), in which everyone is interested. Fire and elec- 
tricity are the great sources of power used today. The first 
part of our study of electricity will consider how electricity is 
generated by cells. You have seen or used dry cells and storage 
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cells. But do you know how they furnish electricity and how 
they are made? Our second step in understanding electricity 
is to consider how electricity is made by dynamos and how it 
is used for running machinery, for electroplating, and for 
furnishing heat. At the same time you will learn how the 
electric motor works, for it is this machine which makes use 
of the electricity generated by dynamos, and so helps us to do 
our work. 

Fire and electricity have been referred to as two of na- 
ture’s greatest forces which man has used for heat, light, and 
power. Through the use of these forces for LIGHTING OUR 
BUILDINGS AND STREETS (Unit XV), our modern homes, 
factories, office buildings, and streets have become safer, more 
pleasant, and more comfortable. Artificial light is only another 
of man’s great discoveries which has changed our ways of 
living. The use of gas and electric light, as well as a better 
understanding of how to use the sunlight, has contributed much 
to our civilization. 

By the use of electricity and other forces we have made 
great progress in ComMMUNICATING WITH OUR NEIGHBORS 
(Unit XVI). As man came to live in different sections of 
a country and in different countries, he needed ways to 
communicate with people at a distance. Think how modern 
communication compares with the crude methods of sending 
messages used until only a few score years ago. Today we 
talk by long distance telephone from one end of the country 
to the other and send wireless messages across the oceans. 
How do these instruments make use of electricity to send our 
' messages? Certainly you will wish to find out in your study. 

One of the very important purposes of air, steam, and 
electric power is that of TRANSPoRTATION BY LAND, WATER, 
AND AiR (Unit XVII). Modern methods of transportation 
have made it possible to travel and to exchange all kinds 
of materials with people living in different states and differ- 
ent countries. From the previous part of this story you 
understand something of how nature’s great forees have been 
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harnessed by man. You know that engines, motors, and other 
devices furnish “power’’ for running machinery and for trans- 
portation on land. In this last unit of the book you will see 
how man has learned to travel by land, water, and air. 

If you would know more about the wonderful discoveries 
and inventions mentioned in this story, you must study them. 
You must read the text, do the experiments, and test your 
understanding by means of the exercises. The scientist who 
thoroughly studies any problem constantly keeps his problem 
in mind, and then by reading and experimenting tries to solve 
it. He does not ‘jump to conclusions,” nor is he satisfied with 
half-knowing. He works carefully and accurately until he 
feels sure that his conclusion or answer is correct. It is in this 
spirit that you should study this book, following the sugges- 
tions given in Section (B.) 


(B) HOW TO STUDY THIS BOOK 


At the beginning of each unit of this course you will find 
several PRELIMINARY Exercises. These will help you to re- 
call what you already know about the subject-matter of each 
unit. Write your answers in your notebook. If you cannot do 
all of them at the start, do those which you can. Most of 
these exercises were suggested by boys and girls in other 
science classes. It will be interesting to see how many you 
can do before studying the unit. At the end of the unit you 
can return to these exercises and complete all of them, chang- 
ing any answers which were not correctly made before your 
study of the unit. 

Following the doing of the exercises, the teacher will tell 
you the story of the unit, or you may be asked to read it as it 
is given on the first few pages. This story will make your 
study more interesting and more meaningful, for you will 
see where you are going and how each day’s work relates to 
the unit. Ask the teacher to explain the points you do not 
understand when the Srory oF THE UNIT is finished. If you 
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have questions about points which were not mentioned, write 
them on a sheet of paper and hand them to the teacher or to 
the class secretary. These questions can then be answered 
later in class discussion. When you clearly understand the 
story, make a brief outline of the main points. Then write 
the story of the unit in your notebook as you would tell it to 
your parents, your younger brother or sister, or your friends. 
Each main point of your outline will make one paragraph of 
your story. 

With a clear picture of the unit in mind, you can now begin 
to study the problems which follow. Each of these problems 
you can solve by careful study. When you take up a problem, 
read it through rapidly to see what it is about; then go back 
and study it carefully, doing the experiments and exercises. 
Look up all cross references given in the text. Also, use the 
table of Conrrents for further help on any subject. Follow 
the suggestions given at the beginning of the index. The 
pronunciation of all difficult terms and names are given in a 
PRONUNCIATION List beginning on page 575. During your 
study of this book learn to pronounce the words correctly. 

The exercises you will enjoy doing because they will give you 
an opportunity to show how well you understand the problem. 
If you cannot do them at the first attempt, go over the problem 
again, and, if other books are at hand, read what they say 
about this problem. (See REFERENCES AND GUIDE FOR 
ADDITIONAL Stupy, page 513.) When you are sure that you 
can do the exercise, do it. This method of study will let 
you test yourself. You will know when you really understand 
the problem or any part of it. 

When you have finished all of the problems and the exer- 
cises and feel that you fully understand the unit, you may 
be asked to make an outline of all you have learned. This 
outline may be topical or in statement form, as the teacher 
requests. Write the title at the top of your notebook paper, 
and then write the main points below, dividing each main 
point into the important ideas which you have gained in your 
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study. Instead of the outline, your teacher may ask you to 
write the complete story. 

When all students have finished the outline or story, the 
class will spend a day or two discussing the unit. You may 
be asked to talk on the entire unit, on one of the main points 
in your outline, or on one of a list of recitation topics given 
by the teacher. In any case, you should be able to speak on 
your topic before the class for several minutes, using the black- 
board to illustrate what you say or sometimes performing ex- 
periments before the class, in order to make your speech inter- 
esting and clear. If you know your subject thoroughly, you 
will enjoy talking about it to the class. Moreover, your class- 
mates will enjoy your talk if you give it with clearness and in 
an interesting, forceful way. 

If you finish your work on any unit ahead of your class, or if 
you have extra time outside of class, you may have the privilege 
of doing additional work. Consult with your teacher about 
your plans, and bear in mind that there are three kinds of ad- | 
ditional or supplementary study which you may choose to do. 
First, you may do the AppITIONAL EXERCISES AND PROJECTS 
listed at the end of each unit. Second, you may read one or 
more of the interesting REFERENCES listed in the section 
beginning on page 513. Third, you may select one of the 
Topics AND ProJectTs FoR INVESTIGATION following the REFER- 
ENCES on each unit. 

The AppDITIONAL EXERCISES AND PrRoJects are for the care- 
ful, rapid worker. They are good tests to see if you can use 
the knowledge gained in the study of the unit to solve new 
problems. Most of them require but little time and may be 
done in the classroom when you have a few spare minutes. 

For your guidance in further reading turn to the REFERENCES 
AND GuIDE FoR ADDITIONAL Srupy beginning on page 513. 
There you will find a list of books and pamphlets for each unit. 
Following the list and under the title ‘Guide to References” 
are two kinds of reading material. Those marked “General” 
present subject-matter similar to that considered in your study 
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of the particular unit. Then appear other references dealing 
with “Specific Topics” or problems met in the unit. Through 
reading these general and special references you will better 
understand the unit. 

The Topics AND PROJECTS FOR INVESTIGATION are for those 
students who wish to undertake work outside the class. Each 
topic or project will require careful study. Consult with your 
teacher before selecting one. When you have completed the 
work on one of these, you should be ready to give an oral or 
written report to the class or to the teacher. 

Real success in your work during the course in science means 
that you will do three things: (1) complete the required work 
on each unit promptly and thoroughly; (2) do considerable 
outside reading in the reference books, magazines, and pam- 
phlets; (8) do the additional exercises at the end of each unit 
and also several topics and projects for investigation. Then 
you will feel the satisfaction of having proved that you have the 
qualities of a good citizen. 


EVERYDAY PROBLEMS IN SCIENCE 
EN Tae 


THE EARTH ON WHICH YOU LIVE 


How to begin your study of this unit. Do the Preliminary 
Exercises below. These will help you in the later study of 
the unit. Write out as many of the exercises in your note- 
book as you can, making a title for each. For example, call 
Exercise 1 “Heavenly Bodies I Know.” Follow the plan 
given on page xxxi in the preceding section, “To the Student,” 
which you should read before beginning work on this unit. 


PRELIMINARY EXERCISES 


1. Name as many different kinds of heavenly bodies as you can. 

2. Make a list of the eight planets. If you can, arrange them in 
the order of their size, from largest to smallest. 

3. What are two movements of the earth? How do these 
movements influence your life? 

4. Write a paragraph on the subject, “Why I Believe the 
Earth Is Round.”’ 

5. How does the time of sunrise and sunset change throughout 
the year? 

6. The solid surface of the earth was once nothing but rock. How 
do you account for the presence of the different kinds of soil which 
exist today? 

7. Why is it hotter in summer than in winter? 

8. People set their watches ahead or back at certain places when 
they travel east or west. Why do they do so? 
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9. Man’s study of the heavenly bodies has resulted in knowledge 
which serves him in many practical ways. List as many facts as you 
can to show that this is true. 

10. Name the constellations which you know. 

11. What is meant by latitude? By longitude? 

12. Turn to the Preliminary Exercises of Unit II (page 35) and 
begin Exercises 3 and 5 now, keeping your records complete for 
every day until you reach Unit II in your study. 


THE STORY OF UNIT I 


The earth on which you live is a small body among millions 
of other heavenly bodies. Let us try to get a mind picture of 
the great universe of which the earth is such a small part. 


Courtesy Yerkes Observatory 


Fig. 1. A Starry Night 


Seen through a telescope, a small part of the sky shows count- 
less stars, some of which appear to be arranged in clusters. 


As you look at the heavens on a clear, moonless night, there 
seems to be no end to space nor to the number of heavenly 
bodies (Figure 1). You can see over 2000 stars. Millions of 
others are too far away to be seen with the naked eye, or are 
hidden from your view by the earth. Among the stars may 
be seen with a telescope many patches of light, some of which 
appear like wheels with blurred spokes. The central part 
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appears like the hub of the wheel. These bodies, called neb- 
ulas, are composed of solids and gases (Figure 2). 

While the stars and nebulas look like mere specks or small 
patches of light, they are really enormous bodies. Many of 
them are larger than our 
sun, which is 866,000 miles 
in diameter. They appear 
small because they are 
many millions of miles 
away. Youknowthat large 
things seem very small 
when they are at a great 
distance. You can, there- 
fore, imagine how large the 
stars are, what great dis- 
tances separate them, and 
how enormous the wni- 
verse is. 

To get asomewhat better 
picture of the size of the Fig. 2. A Spiral Nebula 
world let us look at a star Millions of miles in diameter and 
in daylight. On a clear whirling at a terrific speed this great 
day you see one of the nebula may some day form a new sun 

and earth like our own. 
nearest stars, the sun. It 
is only a medium-sized star but looks very large. If you could 
go far out in space to one of the distant stars and see the sun, it 
would be a mere speck of light. But because it is only 93,000,000 
miles from the earth it appears much larger than other stars. 
It seems strange to say “only 93,000,000 miles” away, but 
when you consider that the next nearest star is hundreds of 
thousands of times as far from us as the sun, you see that 
the distance to the sun is comparatively small. 

While the stars are millions of miles from the sun, there are 
several large bodies, not stars, near the sun. The most im- 
portant of these are the planets, or wanderers, so-called because 
they seem to move so rapidly. Imagine that you are far out 
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in space looking at the sun and the planets (Figure 3). The 
sun appears very bright because, like all visible stars, it is 
extremely hot and therefore gives off much light. Eight 
planets can be seen. These do not give light of their own, but 
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Fig. 3. The Sun and Its Family 


The planets revolve around the sun and are members of its family. 
In this figure the sun is shown as a black circle at the center. The sizes 
of the bodies and of the paths are, of course, not in proper proportion in 
this figure. 


are visible because the sunlight which strikes them is reflected 
back to you. The planets appear small, but they are really 
from about 3000 to 86,000 miles in diameter. All are revolving 
around the sun in the same direction. They travel at different 
speeds and are at different distances from the sun. Each 
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planet has its own path, or orbit. The third from the sun 
and the fifth largest in size is the earth. This little body—it 
would appear small from your position in space—spins on its axis 
once during every day. This motion is called rotation. It also 
travels around thesun, 
making one revolution 
in about 3654 days. 
Before you return 
from your imaginary 
trip, look more care- 
fully with a telescope 
at the sun and its 
neighbors. You see a 
body about one-third 
as large in diameter 
as the earth revolving 
around the earth. 
Also you can see simi- 
lar smaller bodies, 


called moons or satel- MERCURY VENUS EARTH MARS 
lites, moving around 
some of the other & c@-» e e 


planets. And with JUPITER SATURN URANUS NEPTUNE 


your telescope you can 
see several hundred Fig. 4. Relative Sizes of the Sun and Planets 


planetoids, or little The sun is over 100 times as great in dia- 
meter as the earth. See Table I, page 20, 


planets, revolving for diameters in miles of these bodies. 


around the sun. These 
are between the four planets nearest the sun and the four far- 
thest away. Their paths around the sun are nearly circular, 
like those of the planets. The entire group including the sun, 
the planets, the moons, and the planetoids makes up the sun 
family, or solar system (Figure 3; examine also Figure 4). 
From the earth—you have now returned from your trip 
in space—you may sometimes see two other kinds of bodies. 
The meteors, or “shooting stars,” often to be seen at night, 
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are not real stars, but small bodies which fall from space 
into the air covering of the earth. As they pass through the 
air they become very hot because of the resistance of the air. 
Sometimes they “burn up” 
and fall to the earth as dust. 
These meteors can be seen 
from the earth because they 
give off light when hot. 
Often they fall to the earth 
and are found to vary 
greatly in size. Some are 
no larger than marbles; 
others weigh several tons. 

The comets, seen less fre- 
quently, are very large 
bodies with heads from thou- 
sands to millions of miles 
in diameter, and often with 
flaming tails millions of 
miles in length (Figure 5). 
Courtesy Yerkes Observatory These visitors to our solar 

Fig. 5. A Flaming Comet system can be seen for short 

An actual photograph taken with a periods and then disappear 
camera through a telescope. The stars foralongtime. They travel 
appear as streako becuse the e828 ground the sun in paths 

which are not circular but 
of the shape shown in Figure 3, and are visible only when they 
are near the earth. 

Of all the bodies in the universe the earth is naturally the 
most important and most interesting to you, for it is your 
home. This great ball, nearly 8000 miles in diameter and 
25,000 miles in circumference, has two movements which 
greatly influence your life. Your daily work and sleep, your 
work and play at different seasons of the year, and even the 
time of day, depend upon the rotation and revolution of the 
earth, for day and night, weather and climate, seasons, and 
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time are all determined by these movements. During every 
rotation you go to bed once and rise once; for every revolu- 
tion you are one year older. 

Not only are the movements of the earth of great importance 
to you, but what the earth is made of, that is, its composition, 
also governs what 
you do and provides 


everything which you ae 

HERE 
have. The earth con- é = 
sists of a solid in- f Nii (e WATER 


terior, a surface com- 
posed of land and 
water, and a layer of 
air above the surface 
(Figure 6). The solid 
part of the surface is 
made of land forms, 
such as_ continents, 
islands, mountains, 


plateaus, valleys, and 
' plains. Water in the Fig. 6. A Slice Through the Earth 


form of rivers, lakes, This picture greatly exaggerates the depth of 
2 the air and the unevenness of the surface of the 
and oceans covers a earth. In proportion to its size the earth is 
large part of the sur- as smooth as the peel of an orange. 


face. Above the land 
and water is a layer of air with a depth estimated to be from 50 
to 200 miles. These materials make life possible on the earth. 
You breathe the air; drink the water; obtain light and power 
from the electricity generated by waterfalls; eat the food which 
grows in the soil, water, and air; live in houses made from 
rocks, metals, bricks, and wood; and in a thousand and one 
ways you depend upon the forces and materials of the earth. 
As you study the following problems of this unit and of 
later units, you will find an interesting story of some things 
which man has learned about the materials which nature has 
provided. You will come to see that you are a mere speck in 
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the great universe, and that if you have the mind and will to 
understand nature better, you can live a happier, more whole- 
some, and more worthwhile life. 


Sy 
*\PERSEUS 
Nn Kx 
Z 


Fig. 7. Constellations of the Northern Hemisphere 


Many interesting stories are told about these and other figures which 
men imagined they could see in the heavens. 


PROBLEM 1: HOW CAN YOU LOCATE THE STARS? 


In earlier times men grouped the stars into constellations 
or outline pictures of men, beasts, and weapons (Figure 
7). For each constellation they told an interesting story, or 
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myth. While we do not today believe the stories which they 
told, we do retain their names for the constellations and for 
most of the stars. These constellations are easily located, 
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Fig. 8. A Star Map 


The constellations which may be seen during the fall of the year in 
the Northern Hemisphere are outlined and named in this figure. The 
numbers in parentheses indicate some of the brightest stars as follows: 
(1) North Star, or Polaris, (2) Capella, (3) Vega, (4) Arcturus, (5) Antares, 
(6) Altair, (7) Fomalhaut. 


and through knowing them you can find the principal stars. 
Figure 8 shows the constellations which can be seen in our 
part of the Northern Hemisphere during certain months. 
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In order to know the stars you must have some way of locat- 
ing them. Figure 9 shows a few of the constellations near the 
Big Dipper, the part of Ursa Major that looks like a dipper. 


CE/PHEUS CaASSIOPEIA 


e 


a URSA ® MINOR 
x (9) 
i) 
‘4 


URSA cre 
A) (8) 


(me. POINTERS ) 


Fig. 9. Chart of Principal Northern Constellations 
To locate any of the seven constellations, hold this map or chart directly 
north of the eye, having Polaris of the map in line with Polaris of the 
sky. Turn the map until the name of the present month of the year is 


at the bottom, and at 8:00 p.m. the constellations will appear in the sky 
in practically the same positions as on the map. 


You must keep in mind that the constellations appear to turn 
around the North Star, or Polaris, or rather around a center 
near the North Star, if you wish to find them at any time 
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of the year. Those in the northern sky near Polaris are always 
visible in the Northern Hemisphere. 

To find the North Star, start at the Big Dipper. The two 
stars (A) and (B) in Figure 9, on the side of the bowl opposite 
the handle, are called the pointers. Imagine a line drawn 
through these two stars, starting at the bottom of the bowl 
and extending beyond the Dipper five times the distance 
between the pointers, and you come to the North Star, which 
is about as bright as the pointers. 

The North Star is the end star of the handle of the Little 
Dipper, a group of seven stars in Ursa Minor. If you imagine 
yourself coming out the line which you followed from the Big 
Dipper to the North Star, and then, when you reach the 
North Star, turning to the left, you can easily find the 
Little Dipper. 

A third constellation near by is Cassiopeia (kas’i-6-pé’ya), the 
queen on her chair. To find her, draw a line from the middle 
of the handle of the Big Dipper to the North Star and extend it 
as far beyond as the distance from the Big Dipper to the North 
Star. Here you find a “W” shaped group of five bright stars 
which form the chair on which the queen is seated. 

Going two-thirds of the way from the North Star toward 
Cassiopeia and making a left turn, you find Cepheus (sé’fus), 
the queen’s husband. From the maps showing the constellations 
you can work out the location of any of 
the other constellations, such as Perseus 
(the son of Jupiter), Auriga (6-ri’ga) (the 
charioteer), Bootes (the bear driver), Hercules 
(the warrior), and Draco (the dragon). 

After you find the principal constellations, 
you can locate the bright stars, numbered Ca MRR 
in Figure 8, by the names below the figure. — in August Position 

Exercise 1. Suppose you looked at the northern sky and found 
the Big Dipper in the position shown in Figure 10. Copy the figure 
and show the position of the constellations, using the directions given 
in the preceding four paragraphs. 
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PROBLEM 2: WHAT IS THE NATURE OF THE PRINCIPAL 
BODIES IN THE SOLAR SYSTEM? 


The sun is the center of the solar system. Although it is 
a small star, the sun is so near us that it furnishes the heat 
and light which make life possible. It also keeps the earth 
and other planets in their paths by its attraction for them. 
This attraction is called gravity. The size of the sun is enor- 
mous when compared with the earth; its diameter is about 110 
times as great, it weighs over 300,000 times as much, and it 
occupies over 1,000,000 times as much space. This great ball 
of fire rotates on its axis just as the earth does. 

The planets are not all alike. The eight planets are similar 
in many respects, but like members of any family they differ 
in a number of ways. Since you already know that they travel 
around the sun, let us see how they differ from each other. 
We will consider them in the order of their distance from the sun. 

_ Mercury, called the messenger because of its great speed, 
is the nearest planet to the sun and the smallest in size. Be- 
cause it is so small, the force of gravity is not great enough to 
hold air around the planet. It is often quite close to the 
earth, but is usually invisible because it is so near the sun 
and therefore lost in its rays. When visible to the naked eye, 
Mercury is seen as a red body, but appears to have a dull 
silver color when observed through a telescope. 

Venus, the lovely planet which you so often see as the even- 
ing or morning “star,” is nearer the earth than any of the 
other planets when it is on the same side of the sun as the earth. 
It shines in the west as the evening star for a period of seven 
or eight months, then disappears for a few weeks, and appears 
again in the east as the morning star. When viewed through 
a telescope, Venus shows, at different times, the various shapes 
of our moon. Like the earth it travels around the sun in a 
nearly circular orbit. In fact, it is so much like the earth 
that the two are often spoken of as the twin planets. 

Because we shall study the earth in later problems, let 
us next consider Mars, the red planet, so named for the 
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god of war. Rotating on its axis like a spinning top once in 
24 hours and 37 minutes, its day and night are almost of the 
same length as ours. Like the earth, Mars has four seasons. 
It is doubtful whether there is any air 
around it, but a white spot which can 
be seen through a telescope near its 
north pole during the winter season, and 
which looks like snow, suggests that 
there may be some water vapor around 
the planet (Figure 11). This spot is not 
visible when it is summer on Mars. 

As we move farther from the sun and 
leave Mars and the other small, or 
minor, planets behind, we come to the 
major planets, of which the nearest to 
the sun is Jupiter, the giant. Like the 
other major planets, its surface is prob- —_ Courtesy Yerkes Observatory 
ably composed of gases. A thousand Fis: 11. eo Caps” 
times as large in volume as the earth, Te cae anes 
and larger than all of the other planets appear and sometimes 
put together, Jupiter rotates on its ‘isappear at different 
axis in 9 hours and 55 minutes, at the “"*°"S ° Mare 
enormous speed of 30,000 miles per hour, and, being far from 
the sun, revolves around the sun in approximately twelve of our 
years. Nine moons revolve around Jupiter, two of them larger 
than the planet Mercury. Four of 
these moons were the first heavenly 
bodies to be discovered with the tel- 
escope. Galileo, an Italian using the 
first telescope, found them in 1610. 

Saturn, the next planet from the sun, 

Fig. 12. Bete ice. is, on account of its rings, one of the 
rat most beautiful planets when observed 

through the telescope (Figure 12). These rings are nothing 
more than a great number of very small satellites, revolving © 
around the planet. It rotates rapidly on its axis and revolves 


Courtesy Yerkes Observatory 
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around the sun in 293 years. It has four seasons like the earth, 
but they are each over seven years long. Ten moons, one larger 
than our moon, revolve around Saturn. 

When Herschel, an English astronomer, made his own tele- 
scope in 1781, he discovered a moving “star” which was at 
first. thought to be a comet, but proved to be a planet. This 
planet, which is farther from the sun than Saturn, is called 
Uranus, although in England it is sometimes called Herschel, 
after its discoverer. It has a volume sixty-five times as great 
as that of the earth. Four moons 
revolve around the planet. 

The last of the planets is Neptune, 
four and one-half times as great in 
diameter as our earth, and thirty 
times as far from the sun. It can- 
not be seen with the naked eye. 
The most interesting thing about 
Neptune is the way in which it 
was discovered. Astronomers had 
noticed that Uranus did not travel 
in exactly the path which they 
had expected from a study of the 


Courtesy Yerkes Observatory i 

Fig.13. Our Nearest Neighbor planet’s movement. This led them 
Seen through a telescope, the 0 Study why it did not follow the 
surface of the moon appears path, and they predicted that it was 


like this. Life cannot exist on 
such barren rock. 


pulled out of the path by another 
planet, not yet discovered. By 
further study they predicted where the planet would be found, 
located it with the telescope, and named it Neptune. 


Exercise 2. Name the planets on which you think life does not 
exist. Jollowing each, give your reasons. 


The moon is our nearest neighbor. Although several of the 
planets have one or more moons, the moon of the most interest 
and importance to us is that of the earth (Figure 13). This 
satellite is very different from the earth. Because it is only 
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240,000 miles away, it looks as large as the sun, but it is really 
only 2160 miles in diameter and weighs only one-eightieth as 
much as the earth. You could not live on the moon, for there 
are on it no air, no water, no soil, no plants, and no animals. 
The surface is solid rock. When viewed through a telescope, it 
appears very rough with high mountain-like projections and 
with large holes like the craters of volcanoes. 

The moon has two important movements. It travels around 
the sun in its orbit, and as it does so it moves back and forth 
across the orbit 
of the earth, as 
shown in the up- 


What Really Happens 
FullMoon 


E First 


Third a tecces = 
ee Quarter 


Quarter 


] ie E 
are a aie oR as | New MagHo i 
and forth move- To'SUN To SUN To SUN To SUN ioe 
ment and its What Appears to Agel as Seen from the Earth 
change in speed ee Per reat ag 
at different parts igh ely 
of its orbit cause 4.” . 
it to revolve (© SUNK ub; 
around theearth. Bice e ie 
If viewed from ear ey Mo peers 
far out in space, eee (Oe 


; : 
the earth an Fig. 14. Travelers in Space 


moon would i be As the earth revolves around the sun the moon 
seen MOVv1N® ig carried along while it revolves around the earth. 


along as shown 
in the upper part of Figure 14. But when they are observed 
from the earth, the moon appears to move as shown in the 


lower part of the picture. 


Experiment 1: How does the moon move around the earth? 


Draw a large circle several feet in diameter. Imagine that the sun 
is at the center of the circle and that the earth revolves around it 
along the circumference of the circle. Place a large ball or orange 
on the circumference to represent the earth. Now obtain a small 
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ball or a marble to represent the moon. Have the earth and moon 
in the positions shown at the right of the upper part of Figure 14. 
Now move the earth along the circumference of the circle (its orbit), 
and at the same time move the moon along its orbit as shown in the 
figure. Note that the moon is actually revolving around the earth as 
you proceed to the different positions of the earth and moon as repre- 
sented in Figure 14. 


From your experiment and your study of Figure 14 you can 
imagine the earth and moon in space, moving around the sun. 
You see the earth making one revolution in 3653 days, and 
the moon going along like a real satellite. However, the moon 
travels in its own orbit and thus makes a complete turn around 
the earth once every 29% days, or a little less than a month. 
From the earth you see the moon rise and set as the earth 
rotates. If you note the time when the moon rises on two 
successive nights, you will find that it rises about 50 minutes 
later each night. This, you can see from your experiment, is 
true, because the moon revolves around the earth. 

The moon appears to change shape. An interesting thing 
about the moon is its apparent change in shape. On different 
nights it sometimes appears round, sometimes like a very 
thin crescent, and at other times like a quarter-circle. This 
change is only apparent; that is, the shape merely seems to 
change. The moon, like the planets, does not give light of its 
own, but reflects the light ofthe sun. The half of the moon 
that faces the sun is always lighted, but is not always visible 
from the earth. If all of the surface of the moon which faces 
the earth could always be seen, the moon would appear round 
or full at all times. An experiment in a dark room will show 
how it appears in different shapes, or phases. 


Experiment 2: Why does the moon appear to change its shape? 


Obtain a candle and a tennis ball, which are to be used to 
represent the sun and moon, respectively. You are to represent 
the earth. Place the lighted candle on a table or stand. With 
your back to the candle hold the ball (the moon) in your out- 
stretched hand, high enough above your head to allow the light 
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to strike the ball. What part of the ball is lighted by the candle 
(the sun)? Now turn around slowly from right to left, keeping 
the ball in front of you 
and slightly above your 
head so the light will 
strike it. Observe what 
part of the ball is 
lighted as you turn. 
Repeat your turn, stop- 
ping at every one- 
eighth turn and draw- 
ing the shape of the 
part of the ball that is 
lighted. Do you get 
the same shapes as 
those shown in the inner 
circle of Figure 15? If 
not, try it again. 


If you now examine 
Figure 15 again, you 
will see why the moon 
changes its appear- 
ance regularly. It re- 
quires about 293 days 
for the moon to make 


its trip around the Hane ae é ~ 

: . n the outer circle you see that the half.of 
earth and get back to the moon which is toward the sun is always 
the same position with  jighted, while on the inner circle is shown the 
respect to the earth shape of the lighted part as it appears to one 
on the earth at different times of the month. 


Fig. 15. Phases of the Moon 


and the sun. 


Exercise 3. Many people think that the moon changes its shape. 
Write a short composition which such people could read to learn 
what really happens. 

Exercise 4. Explain why the moon would appear to anyone on 
earth as it does in Figure 13. 

Exercise 5. Show by calculation how many times the moon revolves 
around the earth while the earth revolves around the sun. 
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At certain times it happens that the earth gets directly be- 
tween the sun and moon. The shadow of the earth then hides 


Fig. 16. How the Moon 
Is Eclipsed 

The dark section 
below the earth is the 
earth’s shadow. 
Whenever the moon 
passes into this shad- 
ow, it is eclipsed from 
our view. 


the moon from our 
view, and we have an 
eclipse of the moon, 
or a lunar eclipse (Fig- 
ure 16). Or the moon 
may come between 
the earth and the sun. 
If the shadow of the 
moon strikes the 
earth, it hides all or a 
part of the sun, pro- 
ducing a solar eclipse 
(Figures 17 and 18). 
The moon is one 
of the causes of the 
tides. If you have 
ever been at the 
seashore, you have 
observed the regular 
rising and falling of 
the water at different 
hours of the day. 
These tz2des, which are 
so important to people 
who live and work on 
the ocean front, are 
due in part to the 
moon. Twice in about 
25 hours the tides rise 
and fall, producing 
two high tides and 
two low tides in this 


Pacific and Atlantic Photos 
Fig. 17. How the Sun 
Is Eclipsed 

In January, 1925, 
the moon caused a 
total eclipse of the 
sun along a path 
in the northeastern 
part of the United 
States. 


period of a little more than a day. The moon helps to cause these 
tides by its attraction for the earth. As the earth rotates, the 
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part of its surface nearest the moon is attracted more than the 
other sides of the earth. This is true because the nearer bodies 
are to each other, the greater is the force of gravity. This attrac- 
tion causes the water in the seas and in the mouths of rivers that 
run into the sea to be pulled up a few feet higher at this part 
of the surface, causing a high tide (Figure 18). On the opposite 
side of the earth, which is farthest away from the moon, the 
moon’s attraction is not so great, but the water is piled up 


Fig. 18. How Tides Are Caused 


The water, being a liquid, is free to move and, having weight, is at- 
tracted by the sun and moon. This causes it to rise at certain places and 
thus become lower at other places. Meanwhile the earth rotates, and the 
places of low tide and high tide change constantly. 


there by the outward, or centrifugal, force of the rapid spin- 
ning of the earth and by the attraction of the sun. These 
two forces produce a high tide at that place. Between these 
two parts of the surface the attraction of the moon and sun 
is more nearly balanced by the centrifugal force of the rotat- 
ing earth. The water at these places is, therefore, low (Figure 
18). You can see, then, why there are two low tides and two 
high tides daily on any seashore. You might expect a high 
tide to occur every 12 hours because the earth rotates once 
in 24 hours. You will recall, however, that the moon is 50 
minutes later each day. Thus the high tide occurs every 12 


hours and 25 minutes. 


Exercise 6. State three forces which cause tides. 
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The principal bodies in the solar system. The table below 
shows some interesting facts about the solar system. 


TABLE I: INFORMATION ABOUT THE SOLAR SYSTEM 


DISTANCE REVOLUTION Geomapared 
BODIES FROM SUN DIAMETER AROUND ROTATION ON AXIS_ |to equal vol- 
(in_ millions IN MILES SUN ume of 
of miles) water) 
Se 25 days 1.50 
36 2,765 88 days unknown 6.85 
67 7,700 | 225 days unknown 4.85 
93 TIS |3657 days 24 hours 5.58 
142 4,230 | 687 days | 24 hrs. 37 min. 4.01 
9483 86,500 | 11% yrs. 9 hrs. 55 min. 1.38 
886 73,000 | 293 yrs. | 10 hrs. 14 min. see 
1,782 31,900 84 yrs. unknown 22 
2,790 34,800 | 164% yrs. unknown 1.11 
200 to 300 | 20 to 300 | 3 to 7 yrs. unknown unknown 
93 2,160 |365% days 27.6 days 3.50 


Exercise 7. Using the diameters of the planets given in Table I, 
draw circles to represent the comparative sizes of the planets. 
Start with a circle 3 inch in diameter to represent Mercury and 
draw the other circles-on the same page. Label the circles at the 
side with the names of the planets. 

Exercise 8. From a study of Table I answer the following 
questions: 

(a) What is the order of size of the eight planets? 

(b) What are the names of the planets in the order of their distance 
from the sun? 

(c) Which is the heaviest planet for its size? 

(d) If you traveled 100 miles per hour for 24 hours each day in 
an airplane and could fly from the earth to the sun, how many years 
would it take you to reach the sun? 

(ec) How many bodies as big as the earth would have to be placed 
side by side to make a string as long as the diameter of the sun? 

(f) How much longer does it take Jupiter to revolve around the 
sun than it takes the earth? 
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(g) How many times does the earth turn on its axis while the 
moon rotates once? 

(h) How far is it around the sun if the circumference of a 
circle is 3.14 times the diameter of a circle? 


PROBLEM 3: HOW DID THE EARTH COME TO BE 
AS IT IS TODAY? 


The origin of the earth is unknown. Although scientists 
have tried to find an explanation of the origin of the earth, no 
one can say with certainty how the earth was formed. Many 
astronomers believe that the solar system came from a great. 
rotating nebula like that shown in Figure 2. This body, they 
believe, was formed when two stars collided or came very 
near each other and became a great rotating mass of materials. 
The nebula was millions of miles in diameter, with a large 
central part of thick or dense material and with large curved 
arms of thinner material. Here and there in the nebula were 
spots or masses of thicker material. Many such nebulas, like 
that shown in Figure 2, may be seen in the heavens today. 

As this nebula rotated, the thinner materials in it separated 
and collected around the thicker or denser spots. The center 
became the sun and the spots in the arms became the planets, 
moons, and planetoids. All of these bodies continued to 
rotate. The planets continued to revolve around the sun, or 
center, and the moons revolved around the planets. 

The earth is very old. No one knows how old the earth is. 
Scientists have, however, estimated its age by calculating how 
long a time would be required for streams to carry enough 
salt into the seas to make them as salty as they are now, by 
studying the rock formations, and by determining how long 
it takes to crumble rocks into sozl and to cut gorges like that 
of the Niagara River. These estimates vary from 100,000,000 
to 400,000,000 years. 

The earth is ever changing. As the interior of the earth 
cooled, the solid crust was pushed up in some places.. This 
action formed mountains and plateaus and left low places at 
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other parts of the earth’s surface. The surface of the earth 
became very irregular. Some of these low places filled with 
water, forming the oceans. 


Courtesy School of Education, University of Chicago 
Fig. 19. From Rock to Soil 


Roots of trees, falling rock, burrowing animals, waves, and changes of 
temperature are some of the forces acting on rock to crumble it into soil. 
But for these forces fertile fields would be impossible. 

J 


During the millions of years since this happened, the rock 
surface of the earth has been broken up and moved in many 
ways (Figure 19). The air caused some of the rocks to crumble. 
Water, freezing in the cracks of the rocks, split them into 
smaller pieces. Running water has cut into the rocks and 
ground the broken pieces into fine particles which were carried 
along by the water and dropped in other places as different 
kinds of soil. The action of waves along the shores of lakes 
and oceans has worn away rocks and carried the pieces to other 
places. Also great ice sheets, or glaciers, broke and ground 
the rocks, and carried them to other regions, and wind moved 
the finer particles from one place to another. All of these 
changes in the earth’s crust are still going on. 
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One of the most remarkable changes on the earth was the 
coming of living things. In some way, and many centuries ago, 
life began in the soil and water. Today there are millions 
upon millions of plants and animals. These vary in size from 
the most minute living things, so small that they may be seen 
only with the aid of the most powerful microscopes, to such 
huge plants as the giant trees of the forest or such enormous 
animals as the elephant and the whale. All of these, includ- 
ing yourself, live together and are dependent upon each other 
as well as upon the many materials and forces of nature. The 
materials obtained from the rock, soil, water, and air furnish 
you and all living things with everything needed except the 
light and heat from the sun. These materials and the many 
forces of nature, such as growth, disease, weather and climate 
changes, heat, light, electricity, wind, and others, determine 
how and where living things grow. They are a part of your 
surroundings, or environment. 

You see from this that your environment is very complex 
and interesting. It will be even more interesting as you learn 
more about science. 


Exercise 9. Turn back to the beginning of Problem 3 and read 
each paragraph carefully so that you can write in one short sentence 
the main idea in the paragraph. Set this down in outline form with 
the principal points in each paragraph under the main idea, as shown 
in the following outline. Copy the outline below and complete it for 
all paragraphs of Problem 3. 


How tHe Barra Came To Be As It Is Topay 


1. The solar system was probably formed from a nebula. 
(a) The nebula probably came from a collision of stars. 
(b) It was a hot gaseous mass of material. 
(c) The center was dense and became the sun. 
(d) The denser spots, outside the center, formed the planets and 
moons. 
(e) The planets and moons continued to rotate and revolve around 
the sun. 
2. Scientists have estimated the age of the earth. 


24 THE EARTH ON WHICH YOU LIVE 


PROBLEM 4: WHY DO THE DAYS AND NIGHTS 
DIFFER IN LENGTH? 


But a few centuries ago man believed that the sun revolved 
around the earth, and that the earth was flat and surrounded 
by water. Later, man learned that the earth is round, that 
it spins on its axis, and that it revolves around the sun. 


Exercise 10. Give one reason for believing each statement in the 
last sentence to be true. 


The days and nights vary in length. The earth receives 
its light from the sun. Being round, only one-half of the 
earth’s surface can be lighted at one time. Since the earth 
rotates on its axis at a regular speed, once every 24 hours, you 
might expect the sun to rise and set at the same time every day. 
If this happened the days and nights would be of equal length. 
Why? You know that the days and nights are not of equal 
length at different times of the year. 


Exercise 11. Look up in an almanac the exact times of sunrise 
and sunset for the first day of each month and determine the 
exact length of day and night. Place your results in a table as 
indicated. As a conclusion state what you have learned about the 
length of day and night at different seasons of the year. 


Lenetu or Days anp Nicuts 


SUNRISE SUNSET LENGTH OF DAY IN LENGTH OF NIGHT IN 
A. M. P.M. HRS. AND MIN. HRS. AND MIN. 


January 1... 


The angle of the sun’s rays varies. You recall from geog- 
raphy that the unequal days and nights are caused by the 
inclination of the earth’s axis. That is, the earth rotates in a 
plane inclined or tilted 233° to the plane in which it revolves 
around the sun. A simpie experiment will make this clear. 
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Experiment 3: What causes the days and nights to 
be of unequal length? 


Push a straight wire or knitting needle about 6 to 8 inches long 
through the center of a tennis ball or a hollow rubber ball. The 
points where the needle leaves the ball should be marked N and S 
to represent the North and South poles. The candle is the sun and 
the ball is the earth. Now place an X on the earth to indicate the 
latitude at which you live. Draw a circle through X so that all points 
of the circle are at an equal distance from the North Pole. 

Place a short lighted candle at the center of a circle one foot in 
diameter, drawn on a large piece of paper. The room should be 
dark. Place the earth directly south of the sun and have the North 
Pole end of the axis (the needle) point to the North Star. Note that 
the axis and plane of rotation of the earth are now tilted to the plane 
of revolution, or the table top (Figure 20). 


Fig. 20. Days and Nights Vary in Length 


Observe that one-half of the earth is lighted, but that over one-half 
of the circle through X is lighted. If the earth is rotated, it will be 
seen that X remains in the light for more than one-half of one rotation. 
The day is longer than the night at X. Move the earth around the 
circle to a position east of the sun, but keep the axis pointed to the 
North Star. Rotate the ball and note that X is in the light for exactly 
one-half of a rotation. The day is now equal to the night. Let the 
earth be revolved on the circle until it is north of the sun. The day 
at X is now shorter than the night. When the earth is moved still 
further around and is west of the sun, the day and night at X are equal. 


26 THE EARTH ON WHICH YOU LIVE 


Exercise 12. Having in mind what you saw in the experiment, 
imagine the earth and the sun in space, and state the reasons 
why we have unequal days and nights at different times of the 
year in the Northern Hemisphere. 


PROBLEM 5: WHY DO THE SEASONS CHANGE? 


The changes in the seasons are as important to you as the 
varying lengths of days and nights. Throughout the greater 
part of the United States these seasonal changes affect life 
in various ways. Particularly in the country the seasons 
determine the kind of work that must be done. In both country 
and city the seasons govern largely the kind of clothes you 
wear, the games you play, the weather you have, and even the 
kind of food you eat. You know that it is warmer in summer 
than in winter, and that spring and autumn are more or less 
similar in temperature. As a scientist you should be able to 
explain why these changes occur. 

The angle of the sun’s rays changes every day. From 
your previous study you recall that the seasons are caused 
by the rotation and revolution of the earth. In the United 
States the sun rises a little south of east in winter and a little 
north of east in summer. You have probably observed that 
the sun is more nearly overhead at noon on a summer day 
in the Northern Hemisphere than it is at noon on a winter 
day (Figure 21). A simple experiment will show that the 
angle at which the sun’s rays strike the earth varies from 
day to day. 


Experiment 4: How does the angle of the sun’s rays change 
from day to day at the same hour? 


Cut a small round hole, about one-half an inch in diameter, 
in a piece of cardboard. Place the cardboard in a south window of 
a room so that the sun’s rays will pass through the hole and strike 
a piece of paper on the floor, window sill, or table. Draw the outline 
of the spot where the beam of light which passes through the hole 
strikes the paper. Write the date and the hour inside the outline. 
At intervals of ten minutes repeat. On succeeding days, at exactly 
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the same time of day, draw the outlines of the spots, and note that 

the paths of the spots are farther from, or nearer to, the window. 
The changing position of the spots from day to day shows that the 

sun’s rays strike the earth at different angles on different days. 
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Fig. 21. Where the Sun Appears to Be 


If the axis of the earth were not inclined to its orbit, the sun would 
appear to rise in the same direction throughout the year; there would be 
no change of seasons. 


Exercise 13. If you carried out Experiment 4 on every day 
of the year, how would the distance of the spot from the window 
change? What does this show regarding the change in the angle 
of the sun’s rays (a) from January to March, (6) from April to 
June, (c) from July to September, (d) from October to December? 


The angle of the sun’s rays affects temperature. Does 
the angle of the sun’s rays determine the amount of heat 
which the earth receives from the sun? If it does you can 
see one reason why seasons occur, for you have found from 
the preceding experiment that the angle of the rays varies 
at different seasons. That the sun does warm the earth you 
know from experience. The rays come through the space 
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between the sun and the atmosphere, and then through the air 
before they strike the earth. They do not heat the space 
above the air, for there is no material present. However, when 
the rays strike the air and the surface of the earth, they change 
to heat which affects the temperature. 

You can learn from an experiment one reason why the angle 
of the sun’s rays has an effect on the temperature of the earth’s 
surface. 

Experiment 5: How does the angle of the sun’s rays determine 
the amount of light and heat the earth receives? 

(a) Bend a piece of cardboard so as to make a square tube one 
square inch in cross-section and one foot long, as shown in Figure 22. 
Paste a narrow strip of heavy 
cardboard to one of the inside 
walls of the tube so that the 
strip extends 6 inches beyond 
the end of the tube. Darken 
the room and hold a candle 
flame or a flash-light at the 
upper end of the tube. Incline 
the tube, resting the end of the narrow strip on the table and having 
the tube at about a 25-degree angle with the table top, as in the 
figure. This will allow a beam of light one inch square to strike the 
table. Make the outline of the spot of light 
caused by the beam which passes through the 
tube. Also note the brightness of the spot. 

(b) Now change the position of the tube 
so that the beam of light strikes the table at 
an angle of about 75 degrees. Be sure that 
the end of the narrow strip of cardboard 
just touches the table, as in Figure 23. Mark 
the outline of the spot of light, and also ob- 
serve its brightness. _ 

Compare the sizes of the two spots obtained 
in (a) and (b), measuring them and determining 
the area of each. Fig. 23 


You see that the same beam of light covers less space when 
the angle at which it strikes the table is greater. You can also 
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see that the spot is brighter when the beam strikes the table 
more nearly vertically. There is more light on the same area. 


Exercise 14. The figures in Experiment 5 represent the sun and 
the earth. Figure_22 shows the angle of the sun’s rays in winter; 
Figure 23, the angle in-summer. What is true about the amount of 
light and heat received from the sun at noon on a summer day com- 
pared with that received at noon on a winter day? Explain. 


There is another point which you must. consider in explain- 
ing why the angle of the sun’s rays affects temperature. As 
the rays of the sun come through the air toward the earth, 
they lose some heat to the air, because some of the rays. strike 
particles of air. Dust particles in the air also help to stop the 
rays, and thus all of the heat does not reach the earth. Now 
in winter the rays come at a great slant and must, therefore, 
pass through a longer column of air than in summer when they 
are more nearly vertical. As a result they give up more of 
their heat to the air in winter, and so have less heat left when 
they strike the earth. In summer the rays are more nearly 
vertical, and, having to pass through a shorter column of air, 
they bring more heat to the surface of the earth. 

Exercise 15. From Exercise 11 and Experiment 5 state two reasons 
why summer is hotter than winter in the Northern Hemisphere. 


wv "PROBLEM 6: HOW DO WE GET CORRECT TIME? 


_ The earth is our best clock. The movements of the earth 
not only determine day and night and the seasons, but also 
our time. The most regular movement of any body which 
we know is the rotation of the earth on its axis. It varies less 
than one one-hundredth of a second in a thousand years when 
measured by the stars. This movement of the earth is, there- 
fore, the best clock in the world, and it is actually used to keep 
correct time. 

“What time is it?” is a question which you hear many times 
every day. Ordinarily you look at a watch or clock, or perhaps 
at the sun for the answer; very seldom do you find that two 
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clocks or watches exactly agree. In ordinary life it makes 
little difference whether two watches are exactly correct, but 
on a railroad, for example, a difference of a few seconds may 
mean the loss of life. Why? Here, as in certain other affairs 
of life, it is necessary to have correct time. 

Naturally you ask, Where do we get correct time? If you 
asked the question of many people, a majority would say that 
we get it from the 
Western Union or the 
Naval Observatory. But 
suppose you ask, Where 
do the Western Union 
and the Naval Observa- 
tory get time, and how 
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Fig. 24. Longitude and Latitude 


Longitude is measured in degrees east 
or west of the meridian which passes 
through Greenwich, called the prime 
meridian; latitude is measured in degrees 
north and south of the equator. What 
are the longitude and latitude where you 
live? What are the latitude and longi- 
tude of the North Pole? 


ness, we use solar time, or sun time. 


are they sure that their 
time is correct? Most of 
us would answer, “from 
the sun.” But few of 
us could tell just how the 
sun is used to tell time, 
and few of us know that 
the astronomers measure 
time very accurately by 
observing the stars. 

A day is the period 
of one rotation of the 
earth. Since our daily 
activities depend largely 
upon daylight and dark- 


Sun time is found in this 


way: a telescope is set in a true north and south line, that is, on 
a meridian (Figure 24), The exact time when the sun appears in 
the middle of the telescope is recorded. This is noon. On the next 
day the passing of the sun over the meridian is again recorded. 
The time between the two records is the true solar day. The 
average of the solar days for a year is called the mean solar 
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day. ‘This we divide into 24 hours, each hour into 60 minutes, 
and each minute into 60 seconds. 

Time varies with the longitude. The mean solar time 
varies at places having different longitudes. If it is noon at 
Chicago, you know that it is afternoon in New York and fore- 
noon at Denver. It is 25,000 miles around the earth at the 
equator, and since it takes 24 hours for the earth to make one 
rotation, the mean solar time must vary one hour for a little 
over 1000 miles, or about one minute for 17 miles at the equator. 
In the latitude of 40 degrees north (40°N), from 12 to 13 miles 
make one minute’s difference in the time. Since there are 360 
degrees in a circle, you see that to go once around, the earth 
moves through 360 degrees. This rotation requires 24 hours. 
Therefore the earth moves through 15 degrees per hour. If, 
then, it is twelve o’clock (noon) at a place having 0° longitude, 
it would be one hour later at a place having 15° East longitude 
(Figure 24). 

Because the local times vary, there would be great confusion 
if everyone used local mean solar time. To avoid this con- 
fusion, and particularly to help the railroads in making their 
schedules, our government in 1883 adopted Standard Time. 
The 75th meridian, passing through Philadelphia, was made 
the starting point, and all places east and west within one-half 
hour of the local time of this meridian adopted the local time 
of the meridian. This is the Eastern Time Belt (Figure 25, page 
32). West of this belt is the Central Time Belt. Going westward, 
we find the Mountain Time Belt and the Pacific Time Belt. 
This division of the United States into time belts makes it 
necessary for travelers going westward to set their watches 
back one hour whenever they cross from one belt into another. 
If you were making a journey from San Francisco to New 
York, how many times would you set your watch ahead one 
hour? 

Exercise 16. Write one question for each paragraph in this 
problem in such words that the correct answer to your question 
will give the main idea in the paragraph. 
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Exercise 17. How do the mean solar time and standard time of 
a place 5 degrees west of Philadelphia compare with the mean 
solar and standard time at Philadelphia? (See Figure 25.) 

Exercise 18. Explain how it is possible that news of the sign- 
ing of the armistice following the World War reached Washington, 
D. C., before 9:00 a.m., although it was 11:00 a.m. when it was 
signed in France. (See Figures 24 and 25.) 
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Fig. 25. Time Belts of the United States 


Each belt extends about 7} degrees east and west of its meridian. This 
meridian is exactly 15 degrees from the meridian of the adjoining belt. 
The boundaries of the different belts are irregular because it was found 
more convenient in operating the railroads to change times at certain 
stations. 


Review Exercise on Entire Unit. (a) Turn back to the Prelim- 
inary Exercises and mark those which you answered incorrectly, 
or failed to answer. Answer them at the end of your original 
answers. 

(6) Turn to the Table of Contents of Unit I and see if you can give 
satisfactory answers to each of the problems of this unit. If you can- 
not do so, study the text until you can. 
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ADDITIONAL EXERCISES AND PROJECTS ON UNIT I 


1. Make a list of all forces you can think of which (a) help to 
break rock into soil; (b) which move soil from place to place. 

2. Name as many forms of land, like mountains, hills, and islands, 
as you can. 

3. How many different kinds of 
bodies of water can you list? 

4. How do the lengths of days 
and nights in the Southern Hemi- 
sphere vary with the seasons in the 
Northern Hemisp ere? 

5. To draw an ellipse, which is 
the shape of the orbit of the earth, 
take two tacks, a string, and a pencil Fig. 26. How to Make an 
(Figure 26) and draw one. Change Ellipse 
the distance between the tacks and 
try again. Is the second ellipse of the same shape as the first? 

6. At Hammerfest, Norway, which is located at 71° N, the sun 
never sets from May 13 to July 8, and never rises from November 
18 to January 23. Explain. (Figures 20 and 24 will help you.) 

7. On what hour of 

Polaris Me the day and what day 

bee. of the year do you cast 
the shortest shadow? 
Why? (See Figure 21.) 

8. When Peary was 
at the North Pole, in 
what direction did he 
look to see the North 
Star? 

9. Moonlight is re- 
ally sunlight. Explain. 

10. Hold a watch 
face upward, and point 
the hour hand toward 
the sun. Half way between the hour hand and the figure 12 (or XII) 
is nearly south. You can determine direction in this way. Why? 

11. Hold a piece of cardboard in a horizontal position as shown 
in Figure 27 and look at the North Star with one eye closed. 


Piace dot 
online o 
vision - 


_-“angle eguo/ 
24% fo lotitude 


Fig. 27. How to Find Latitude 
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Mark a point along the line from the eye to the North Star. 

Draw a line through this point and the corner of the cardboard 
from which you sight. Measure the angle. This gives you the 
approximate latitude of your place. Why? 

12. Stick a long pin near the middle of the south edge of a sheet 
of paper which is in a position to receive sunshine throughout the day 
(Figure 28). Beginning at 8 o’clock a. M. mark the shadow of the 

pin every hour. How 

3 wk could you use this to tell 

Oa time? To tell direction? 

ee 13. How was the Arctic 
Circle located? The Tropic 
of Cancer? 

14. If you traveled 
around the earth from 
west to east in 90 days of 
24 hours each, how many times would you see the sun rise? 

15. How do you know that the earth’s axis is inclined? 

_16. How is the number of days in a year determined? 

17. The North Star is a little over one thousand million million 
miles away. The light from it travels at the speed of 186,000 miles 
per second. Suppose the star suddenly ceased to give light. For 
how many years would we on the earth still see its light? 


Fig. 28. A Miniature Clock and Compass 


Note to the Student. A little knowledge about any subject 
makes one want to know more about it. This unit has sug- 
gested to you many topics, projects, or problems which you 
may wish to study further. 

Following Unit XVII, on page 518, you will find a list of 
REFERENCES and a GuipE For ApprrionaL Stupy about the 
earth and the heavenly bodies. <A similar list of references 
will be found for each unit of the book. Turn to the list on 
Unit I, and select a book or pamphlet which you wish to read. 
Select also one of the topics or projects which are listed follow- 
ing the references. Spend your spare time making a careful 
study of this topic or project. 


x\ 


UNIT II 
WEATHER AND CLIMATE 


PRELIMINARY EXERCISES 


1. Make a list of words which you can use to describe weather. 
In a parallel column make a list of words which describe climate. 

2. In what ways has weather affected your life? Climate? 

3. Keep a daily record of the weather. (See Preliminary Exercise 
12, page 2.) Use the form below. 


ReEcorD OF WEATHER 


“ DIRECTION 
DATE TEMPERATURE FEELING OF AIR SKY a SRS 


10-4-25 70 Damp Cloudy S. W. 


If you have a barometer in the room, add another column to the 
table and enter the barometer reading. From the daily record of the 
weather which you have kept, state your conclusions regarding the 
relations between any of the factors listed in the table. 

4. Make as large a list as you can of the different means by 
which people predict weather. When you have studied this unit, 
check those which seem to be correct, stating your reasons. 

5. Get the daily forecasts from the newspapers, paste them 
neatly in your notebook, and make a memorandum beside each, 
indicating any errors which the weather-man makes. Do this 
for several weeks. What percentage of the forecasts is correct? 

6. Have you learned of any relation between the movements 
of the earth and weather or climate? What? Explain. 

7. In what respects would your life today be different if you 
lived in a very cold climate? In a hot climate? 

8. The earth has changes in weather and climate, while no such 
changes occur on the moon. Explain. 

9. State two reasons why the temperature of the surface of the 
earth varies in your region from day to day. 

35 
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THE STORY OF UNIT II 


In Unit I you became acquainted with the earth as a mem- 
ber of the solar system. You found that the composition and 
movements of the earth constantly influence your life. Nature 
has provided many forces and materials which determine how 
you live and what you do every day. 


; fig Courtesy Pathé Films 
Fig. 29. Life in a Cold Climate 


Far from the equator, where the rays of the sun are always slanting, 
the temperature is cold. Life is very primitive here. Clothing is made 
of skins and furs. On hunting trips the natives often make shelters of 
ice and snow, called igloos. ‘The hunters in this figure are packing snow 
into the cracks between the blocks of ice used to make the shelter, 


No forces of nature affect you more than the weather and 
climate of the region in which you live. Even from the earliest 
days of man’s existence on earth these great forces have de- 
termined man’s dwelling place as well as his activities and mode 
of living. The kinds of plants and animals that exist, the kind 
of food you eat, the clothes you wear, the type of houses in 
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which you live, the work you do, the way you travel, your 
health, the games you play; in fact, practically everything you 
do and have depends upon the changes in weather and upon 
the climate of your 
environment. 

Of these two fac- 
tors climate is the 
more important to 
you. To appreciate 
this you need only 
to think how differ- 
ent your life would 
be if you moved to 
a different climate. 
Far in the Northyou 
would live like the 
Eskimos (Figure 
29). You would 
dwell in houses of 
ice or in under- 
ground huts, wear 
clothes made of the 
skins of animals 
(Figure 155, Unit 


VI), and live largely Underseoa and Underwood 
on fish and meat. Fig. 30. Where the Rays of the Sun Are 
Again, if you moved More Direct 


How different is life in a warm climate from 
: that shown in Figure 29—and largely because of 
mate, you could live the difference in the angle of the rays from the 
out-of-doors the controlling body of the solar system, the sun. 
year round, plants Here clothing is very meager, many kinds of 
tropical plants grow, and the shelters are built 

of plant limbs, stems, and leaves. 


to a very warm cli- 


would grow abun- 
dantly in your sur- 
roundings, and your food supply would be entirely unlike that 
of the Eskimos (Figure 30). And in the temperate regions you 
would find life far different from that in the coldand hot climates. 
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If you wish to understand these great forces of weather and 
climate, you must remember that the sun furnishes the earth 
with heat. The amount of heat, as you know, varies with 
the angle of the sun’s rays, with the length of day and night, 
and with the condition of the sky. The latitude of a region is, 
therefore, an important factor in determining the temperature 
of aregion. In the far North or far South, where the days are 
short in winter and the sun’s rays strike the earth at an extreme 
slant, the sun gives little heat. The climate and weather 
are cold in such latitudes. Similarly, in the tropical regions, 
where the days are long and the sun’s rays are more nearly 
vertical at all times, the climate and weather are hot. Between 
these two regions the temperate climates exist. Thus you see 
that temperature is one of the important factors of weather 
and climate. 

Now you must not think that temperature is the only 
factor of weather and climate. We may have hot or cold 
climates and hot or cold weather, but we may also have wet 
or dry climates and wet or dry weather. The air is porous, 
much like a sponge. This allows water to evaporate from the 
earth, that is, to change to a gas and mix with the air. How- 
ever, it does not always remain in the air. Sometimes it 
turns to small droplets, forming clouds, or it may fall to the 
earth as rain, mist, snow, or hail. Thus at different times we 
may have clear weather, cloudy weather, and rainy or snowy 
weather. Since the amount of water which evaporates into the 
air and the amount of water which comes out of the air vary in 
different places, you see that a region may have a wet, a dry, 
or a damp climate. 

Though changes in temperature and moisture conditions 
largely determine the climate and weather of a region, there are 
several other factors which must be considered. One of these 
is the altitude of a region. Thus a high mountain has a climate 
and weather unlike that of a valley on either side of the moun- 
tain. Another influence is the presence of large bodies of water 
which may affect both the temperature and the amount of 
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moisture in the air. For example, the climate of cities on the 
eastern shore of one of the Great Lakes differs noticeably from 
the climate of cities on the western shore, even though they are 
in the same latitude. A third factor is the presence of warm 
or cold ocean currents, as you recall from your study of geog- 
raphy. Still another is the general movement of the air 
on the surface of the earth, and the local movements, or local 
winds. And one more important factor is the nature of the 
surface of the earth. You probably recall, for example, that 
the presence of mountains causes a dry climate in a region on 
the opposite side from which the general winds come. The 
desert region in the southwestern part of the United States is 
a good example of the effect of mountains on climate and 
weather. 

The causes of weather changes and of climate present many 
interesting problems. Let us turn to some of these and learn 
to understand our environment better. 


PROBLEM 1: WHY DOES THE TEMPERATURE 
OF THE AIR CHANGE? 


Probably the most common of all words used to describe 
weather and climate are those which refer to the temperature 
of the air, such as hot, warm, moderate, cool, and cold. 

The sun is the source of the earth’s heat. You recall that 
the sun is the source of the heat which causes changes in 
temperature. (See page 27.) You will also remember that 
the sun does not send heat to the earth, for heat cannot pass 
through an empty space. Since the space between the sun and 
the air covering of the earth contains no material, heat cannot 
come through it. This space is much like that between the 
two walls of a vacuum bottle: most of the air has been removed, 
and therefore little heat is allowed to enter or to get out of the 
bottle. The sun does send waves of light and radiant energy 
through the space between the sun and the earth. It is this 
radiant energy which produces the heat when it strikes the 
air and the surface of the earth. 
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Experiment 6: How is the earth warmed by the sun? 


Obtain two test tubes. Partly cover one of the test tubes with 
smoke by rotating it in a candle flame. Place the two tubes in 
an upright position (Figure 31) and nearly fill each tube with 
water. Take the temperature of the water in each tube. Now 
bring the tubes into the direct sunlight; leave them there for 15 
minutes. Again take the temperature of the water and record 
the readings. Remove the 
apparatus from the sun- 
light, allow it to stand for 
15 minutes, and take the 
temperature of the water 
in each tube. What do 
the results show? 


Only a part of the ra- 
diant energy from the sun 
changes to heat when it 
passes through a material 
like air, colorless glass, 
or water. But when it 


strikes a material which 
Fig. 31. Radiant Energy Apparatus holds it or absorbs it, like 


The dark tube has been covered with : bs : 
smoke. Both tubes contain the same soil or the black deposit 
volume of water. In which tube will the On the test tube, much 


water become warm the more rapidly of the radiant energy is 
came tubes are exposed to the rays of changed to heat. A clean 

windowpane is warmed 
but little by the radiant energy from the sun, but the floor 
inside the room, where the same energy is absorbed, is 
warmed considerably. 


Exercise 1. On a clear day a sidewalk feels warmer than the 
air above it. Explain. 


All materials are not equally warmed by the sun. Let us now 
try to understand how the temperature of the air depends up- 
on the kind of material on the earth’s surface. The light and 
radiant energy from the sun may be transmitted through 


2 
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transparent materials like glass or air; they may be reflected, 
in part, by water, light-colored materials, or shiny surfaces; 
or they may be almost entirely absorbed by dull, dark-colored 
materials (Figure 32). 


(SHINY SURFACE) 


Much Reflection 
Little Absorption 
(Rays do not 


Some Reflection 
enter.) Little Absorption Little Reflection Some Reflection 
(Raysgo through Much Absorption AbsorptionGreat 
as in case of air.) —all at surface (Rays enter to 
(Rays do not pass considerable 
through.) depth.) 


Fig. 32. Radiant Energy May Be Reflected, Transmitted, and Absorbed 


The arrows from above represent radiant energy from the sun. - The 
air allows much of the energy to pass through it and to strike the different 
materials on the surface of the earth. The arrows pointing upward show 
reflected radiant energy. The length of these arrows shows roughly the 
amount of radiant energy reflected. Which substance becomes hottest on 
the surface? 


Exercise 2, Will the same amount of sunshine cause equal 
changes in the temperature of the air above black soil, clay, rocks, 
and sand? Explain your answer. Will these materials lose heat 
at the same rate? (See Experiment 6.) 

If a material is partly transparent, like water, the radiant 
energy goes some distance into the water before it is changed 
to heat. Thus more material must be heated than in cases 
where the energy is nearly all absorbed at the surface. 

Exercise 3. From Figure 32 give one reason why a large body 
of water does not become warm in the spring as quickly as the 
surface of the land around it does. (There are other reasons 
why this is true.) 

A second reason why the air above different materials of 
the earth’s surface varies in temperature is the fact that all 
materials do not change equally in temperature for the same 
amount of heat absorbed. Every kind of material has a different 
capacity for heat. You can think of two different materials of 
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the same weight as two boys of the same size. Compare the 
heat to the amount of food eaten by the two boys, and the 
temperature to the satisfaction which they feel in eating. If 
they eat the same amount of food, one may be but little satisfied, 
while the other may be more nearly satisfied. Similarly, two 
different materials having the same weight may receive the 
same heat from the sun with the result that one becomes but 
little warmer, while the other, which requires only a small 
amount of heat to make it hot, becomes much warmer. 

Exercise 4. Review your study of the problem up to this point 
and state two general reasons why the temperature of the air 
varies. (Remember that the air is heated by contact with the 
surface of the earth.) 

Hours of sunshine and angle of sun’s rays affect temperature. 
Two additional reasons why the air is not at the same tem- 
perature at all times and in all places you will recall from 
Unit I. The first is the length of time during which the sun 
shines. This varies with the condition of the sky and the 
season of the year. The second is the angle of the sun’s 
rays, which depends upon the latitude and which changes 
from hour to hour during the day, and from season to season. 

Altitude must be considered. A fifth cause of difference in 
temperature is the altitude of the earth’s surface. The air 
covering of the earth keeps the heat of the earth’s surface 
from escaping rapidly. It acts like a blanket to hold the heat 
near the surface of the earth. At high altitudes the air is thin, 
and the heat can easily escape as radiant energy. At low alti- 
tudes, such as in deep valleys or near sea level, the air is packed 
more closely together because of the weight of the air above it, 
and the heat cannot escape so rapidly. The temperature is 
about one degree colder, as measured on our ordinary ther- 
mometer, for every 300 feet above the surface of the earth. 
If it were not for the air, the temperature of the earth would 
be so hot during the day, and so cold during the night, that no 
living thing could exist. The earth’s surface would be like the 
moon’s surface, just a mass of rock. 
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The five causes mentioned not only determine the tempera- 
ture of the surface of the earth, but they also produce changes 
in the temperature of the air. This is true because the air is in 
constant contact with the earth and receives most of its heat 
from the earth. 

Also, you must bear in mind that the air is constantly mov- 
ing and that the warm or cold air over one place may move to 
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Fig. 33. Heat Belts of the United States 


The small numbers on the solid black lines show the average annual 
temperature at places through which the lines pass. The map is called 
“The Mean Annual Temperature Map” by the Weather Bureau. What 
is the mean annual temperature where you live? If your location is not 
exactly on one of the lines, you can estimate the temperature. 


another place, causing changes in temperature. Records which 
have been kept by the Weather Bureau show the principal 
heat belts of the United States to be those in Figure 33. 


Exercise 5. If the air were not a freely moving material, it 
would not be warmed greatly, even on a summer day. Explain. 
Exercise 6. Make a statement outline, like that used in Exercise 
9, page 23, which explains ‘‘Why the Temperature of the Air Varies.” 
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L/ 
PROBLEM 2: HOW AND WHY ARE CHANGES IN 
TEMPERATURE OF THE AIR MEASURED? 


Galileo invented the thermometer. In order to get an 
accurate way to measure changes in temperature Galileo, an 
Italian scientist, made the first thermometer, in 1592. (‘“Ther- 
mometer”’ comes from two words, thermos, mean- 
ing heat, and meter, meaning measure.) His 
device looked something like the apparatus 
shown in Figure 34. By bringing a hot object 
near the container, the air inside was warmed 
and expanded, driving the liquid down the tube. 
The distance to which the liquid moved indicated 
whether the object was hotter or colder than 
some other object held near the container. The 
instrument was, of course, not very accurate. 

Our present-day thermometers use mercury 
or alcohol. Since Galileo’s time different kinds 
of thermometers have been made. The ones 

Fig. 34. which we use today for taking the temperature of 
The pst. the air are the mercury and alcohol thermome- 

ermometer 

This device ters. Usually some coloring matter is added to 


‘ did not meas- the alcohol so that it can be seen more plainly. 
ure tempera- 
ture in degrees, Exercise 7. Examine a thermometer carefully. 
Bit eee Is the wall of the upper part of the thermometer 
Aiea os ae thick or thin? How large is the tubeinside? Does 
ject was hotter it connect with the bulb at the lower end of the 
than another tube? What part of the bulb and tube is filled 
or when two with the liquid? Why must all air be removed 
PE Ea hd from a thermometer? What is the room tempera- 
femperature, ture? Warm the bulb with your hand and observe 
whether the thread of liquid in the tube moves. 
Place the bulb in cold water. How does this change the height 
of the liquid? 
Write a paragraph in which you explain how the thermometer 
works. Be sure that you have included the answers to all the 
questions of this exercise. 
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If you examine different thermometers, you find that they 
are not all marked the same way. There are two common 
scales or methods of marking. OF 
The common thermometer which 
is used in your homes and at the 
Weather Bureau is called the 
Fahrenheit thermometer. It was 
first marked by the German 
scientist, Fahrenheit, in 1714. 
In many countries and every- 
where in science laboratories the 
centigrade thermometer is used. 

From Figure 35 you see that 
zero degrees on the centigrade 
(0°C.) is the same as 32 degrees 
on the Fahrenheit (32°F.), and 
that 100° on the centigrade 
(100°C.) is the same as 212° on 
the Fahrenheit (212°F). 

Since there are 180 degrees 
between the boiling and freez- 
ing points of water on the Fab- 
renheit scale and only 100 degrees Fis: oh eee poate gi 
on the centigrade scale, one Sy 
degree centigrade is % times as 
big as one degree Fahrenheit. For the same difference in 
temperature there are $§ aS many degrees on the centigrade 
as on the Fahrenheit or 3 times as many on the Fahrenheit 
as on the centigrade. You can change the temperature on one 
scale to the corresponding temperature on the other, thus: 

(a) 212° F, =(212 —32) x =100° C. 
(b) 100°C. =(2 X 100) +32 =212° F. 

Exercise 8. Suppose you are in a country where the centigrade 
thermometer is used and the thermometer reads 38°. Find, by 
studying Figure 35, what temperature a Fahrenheit thermometer 
would show. Prove your answer by calculation. 


o ---Boiling point 
* of water 
(100° C=212° F) 


° ___Normal body 
temperature 
(37° C=98.6° F) 


°....Normal room 
temperature 
(21.1° C= 70° F) 


o___ Freezing point 
of water 
(0° C=32° F) 
0°- ---Zero-weather 
(-17.78° C=0° F) 
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Records of temperature are important. If you go to a 
Weather Bureau station, you may see both the mercury ther- 
mometer and a thermometer called the thermograph (Figure 
36), which makes 
a record of the 
temperature. Rec- 
ords of the tem- 
perature at all 
times and in all 
parts of our coun- 
try are accurate- 


ly kept by the 
Weather Bureau. 
aah These furnish a 


Thermometer 


part of the infor- 
mation which the 
Bureau needs to 


Courtesy Taylor Instrument Co. 


Fig. 36. A Recording Thermometer 


Inside the cylinder is a clock which makes the 
cylinder and the record sheet revolve once in a 
week. The metal coil is the thermometer. It 
opens slightly when warmed, causing the pen 
to move upward, and closes when cooled, causing 
the pen to move downward. Thus an irreg- 
ular line is drawn on the sheet, giving a record 
of the temperature for an entire week. 


predict weather 
and to determine 
the average tem- 
perature of every 
region. 4n later 
problems. you will 
see the great im- 
portance of such 
records. 


PROBLEM 3: WHAT CAUSES CHANGES IN RAINFALL? 


Water evaporates from the earth. Water is always evapo- 


rating from the surface of the earth and going into the air. 
You have often noticed how quickly the streets or roads dry 
after a rain. Soils dry out and become parched in the hot 
sun. Grass and other vegetation dry up in the summer 
time as they lose their water. Everywhere on the earth 
liquid water changes to water vapor and enters the air as an 
invisible gas. 
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The amount of water which evaporates from the surface of 
the earth depends largely upon the temperature. A plowed 
field, a ball-field, a street, or a tennis court will dry very 
rapidly when the “‘sun is hot.”’ 


Experiment 7: Does the rate at which water evaporates into the air 

depend on temperature? 

Place equal amounts of water in two tin cups. Mark accu- 
rately the level of the water in each cup. Stand one in a cool place 
and the other in a warm place (in the sunshine or over a warm 
radiator). On the next day examine each vessel and find if water 
has evaporated. From which vessel has water evaporated the 
more rapidly? Why? 


Water evaporates more rapidly when the temperature is 
high than when it is low. This is true for two reasons: first, 
heat causes water to change to water vapor, and second, 
warm air can hold more water vapor than cold air can. The 
amount of water vapor in the air is spoken of as humidity. 
Air is humid when it contains much water vapor. 

Water vapor condenses when air is cooled. If air which 
contains water vapor is cooled enough, some of the water 
vapor will come out of the air and form liquid water. We 
say that vapor condenses when it changes to a liquid. 


Experiment 8: To cause water vapor to come out of 
the air, or condense. 


Pour a little water into a tin cup or bright metal vessel. Drop 
a few small pieces of ice into the water and stir the mixture. Watch 
the outside wall of the vessel. What do you see? How do you 
explain the result? 


Exercise 9. Explain why drops of water form on the outside of 
a pitcher of ice water when it stands in a warm room. 


Air that is warmed near the surface of the earth is forced 
upward by the colder air around it. As it rises it is cooled, and 
the water vapor condenses into little drops, forming clouds. 
Also, if the winds bring humid air to a cooler region, clouds 
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are formed. If little condensation takes place, the clouds are 
light-colored, but if there is a great amount of condensation, 
the clouds are dark. The very dark rain clouds which appear 
just before a storm contain many droplets of water. At very 
high altitudes, where it is very cold, the drops may freeze, 


Courtesy F. Ellerman 


Fig. 37. Cumulus Clouds 


These dome-shaped clouds are commonly seen in summer. Such 
clouds often precede a thunderstorm. They usually have a flat base 
and are only about a mile above the earth. 


forming ice-crystals. Four of the more common kinds of 
clouds are shown in Figures 37, 38, 39, and 40. 

When humid air is cooled to a great extent, much condensa- 
tion occurs. The droplets become so numerous that they 
form into larger drops of mist or rain. Rain drops are too 
heavy to float in the air, and they fall to the earth. Thus it 
often happens that a south wind which contains much water 
vapor brings rain. If the wind comes northward at a con- 
siderable speed, and is forced upward by the cooler air around 
it, it becomes cooler very rapidly. Thus clouds and rain 
may form quickly. 
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Courtesy F. Ellerman 


Fig. 38. Nimbus Clouds 


These are the rain clouds. They are usually less than a mile above 
the earth. Note their “stormy” appearance. 


Courtesy F. Ellerman 


Fig. 39. Stratus Clouds 


These layer-like clouds are often so low in the sky that they hide the 
tops of small mountains or large hills. They sometimes remain in the sky 
for several days and frequently bring long, steady rains. 
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Rain drops in falling may pass through layers of air which 
are below the freezing point. The drops may then be frozen 
into pellets and fall to the ground as sleet, or they may be 
carried upward and downward several times by air currents. 
In the latter case on each trip a layer of ice is added until they 


Courtesy F, Ellerman 


Fig. 40. Cirrus Clouds 


Several miles above the surface of the earth cirrus clouds may often 
be seen. They look like feathers or plumes and are made of ice-crystals. 
The light from the sun and moon can pass through them because they 
are so thin. These ice-crystals produce the halos or rings frequently seen 
around the sun or moon. 


become large hazlstones and fall to the earth. Figure 41 shows 
the appearance of some large hailstones. Figure 42 is a sec- 
tion drawing made from a hailstone cut in half. 

When the temperature of a region where condensation 
occurs is at 0° C. or 32° F., or below this temperature, the 
vapor separates from the air, changing to a solid in the form 
of snow crystals (Figure 43). Of course this can happen only 
during the colder seasons, except at very high altitudes. 

Dew and frost are other forms of water which come from 
the air. When the weather is clear and the night is cool, the 
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earth loses its heat very rapidly. The water vapor in the air 
near the surface of the earth is condensed on the grass or 
ground, or on other materials near the earth. Why? If the 
temperature is above 32° F., the 
vapor condenses, form- 
ing dew, but if the 
temperature is below 
freezing (0° C. or 32° 
F.), the moisture will 
be deposited as frost. 


Photo by W. A. Bentley Exercise 10. Oneoften 4Hailstone 
Fig. 41. Hailstones hears statements like 
At the left are two hail- those listed here. Explain why each 
stones which fell during a of these ideas is incorrect. (1) ‘Snow 
thunderstorm; at the right js frozen rain.” (2) “Dew comes out 
CRO Caceneete ale of the ground.” (3) ‘Frost is frozen 
: dew.”’ (4) “‘The dew is falling.”” (5) 


stones at the right with 
Figure 42. “Dark clouds are made of smoke.” 


Photo by W. A. Bentley 


Fig. 43. Frozen Water Vapor 


Note that six seems to be the favorite number for snow. Al! of these 
crystals have six sides, six points, or six lines leading out from the center. 


The amount of rainfall varies in different places. From 
your previous study you see that the amount of rainfall must 
depend upon the temperature and humidity of the air. These 
two conditions are very closely related. A high temperature 
on the surface of the earth causes the water in the soil, on 
vegetation, and in the bodies of water to evaporate quickly. 
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At the same time the air in contact with the surface of the 
earth is warmed and can take up more water vapor. When 
such air is cooled, a large amount of rainfall will result. 

Wherever the changes in temperature and humidity are 
great and occur frequently, the rainfall is heavy. The tor- 
rent-like rains of the tropical regions illustrate best the pre- 
ceding statement. Here the surface of the earth and the air 
become greatly heated every day. The warm, humid air rises 
into the cooler layers above, and heavy rains result almost 
every afternoon. These changes in temperature and humid- 
ity may also be brought about by the winds, or movements of 
air along the surface of the earth. For example, a wind blow- 
ing over a warm valley or body of water may become laden 
with moisture, and then move up a mountain slope and become 
greatly cooled, the result being a heavy rainfall. 

The last statement suggests that the nature of the surface 
of the earth is another important factor in rainfall. The 
topography of the earth, that is, the presence of valleys, rivers, 
lakes, mountains, plateaus, oceans, and all other land and 
water forms, influences the temperature and humidity of the 
air. Because the surface of the earth is composed of different 
materials, and because of the differences in altitude, the 
earth is unequally heated by the sun. As the air moves over 
these different regions, its temperature changes. Also, the 
humidity of the air changes because of the amount of evapora- 
tion which may take place over the different regions. Thus a 
warm wind blowing over a warm body of water takes up great 
amounts of water. This air may rise to cooler layers directly 
above; it may be carried by the wind to regions of higher 
altitude; it may be moved to other parts of the surface of the 
earth which are cooler. Such changes produce great rainfall. 

Just as great rainfall depends upon the factors mentioned, 
so does little rainfall depend upon them. When cool air, which 
has lost much of its water vapor, moves to warmer regions, 
it is able to take up more water vapor. In the United States 
you find one excellent illustration of this. As the warm, 


CAUSES OF CHANGES IN RAINFALL 53 


moist air from the Pacific moves over the mountains in its 
eastward movement, it drops much of its moisture in the form 
of rain and snow. As it comes down the eastern slope of the 
mountains, it is warmed, and its capacity for holding water 
is increased. It therefore takes up water vapor from the land, 
producing the vast desert region just east of the Rockies. 
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Fig. 44. Rainfall in the United States 


This map gives the number of inches of rain which fall in one year. 
The figures are the average, or mean, for several years. Such a map is 
called ““The Mean Annual Rainfall Map.” 


Exercise 11. Examine the map carefully (Figure 44), and 
answer the following questions: 


1. Where are the regions of least rainfall? Explain why there 
is little rainfall in these areas. 

2. Why is the rainfall so great along the northwest coast? 

3. How do you account for the heavy rainfall in eastern Ten- 
nessee? 

4. What is the average rainfall in your region, and how do your 
agricultural industries differ from those of other regions 
because of the difference in rainfall? 
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PROBLEM 4: WHY DOES THE WIND BLOW? 


You have learned that the movement of air, or wind, is an 
important factor of weather and climate. Wind is always 
changing direction and speed. Sometimes it brings “muggy” 
weather and rain; at other times it gives us cool and fair 
weather; at still other times it carries with it snow or sleet. 
What causes it to move and what determines its speed? 

Air is material. If you consider the properties, or charac- 
teristics, of air, you can explain why the wind blows. 


= Jo Bicycle Pump 


Fig. 45. Weighing Air 


Air seems to have no weight, because it is all around and inside us. 
If we lived in water instead of air, water would seem to have no weight, 
and yet we know it has. So has air. 


Experiment 9: Has air weight? 


Balance a bottle of air, fitted with a very tight stopper, a delivery 
tube, and a bicycle-tire valve, on a meter stick, as in Figure 45, 
or on a good balance. Now pump air into the bottle with a bicycle- 
or automobile-tire pump. Be careful not to change the positions 
of the weight and bottle on the stick. (If a tack is driven through 
the string into the stick, the position of the bottle will not change.) 
Remove the pump. Does the weight still balance the bottle? 
How do you explain the result? 


Exercise 12. A cubic foot of air weighs approximately 1.29 
ounces. What is the approximate weight in pounds of the air 
in your schoolroom? 
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Experiment 10: Does air exert pressure? 


(a) Tie a piece of dentist’s rubber dam, a piece of a rubber 
balloon, or some thin bicycle inner tubing over a funnel or a 
thistle tube which has a short 
rubber tubing connected to f ex FUNNEL On THISTLE TUBE 
the stem (Figure 46). (The top igg— WN 
of the tube or funnel should be 
ground by rubbing it on sand 
paper until it is level.) Hold 
the apparatus in a vertical po- 
sition with the rubber dam 
facing upward. ‘Suck out” 
some of the air, and tie a 
string around the rubber tub- 
ing to keep the outside air from Fig. 46. Air Pressure 
going back through the tube The ancients said ‘‘nature abhors 
into the funnel. What has vacuum.” What they meant tosay 


» is that the air pressure exerts a force 
happened to the rubber dam? which tends to push air into any 


There must be some force which space from which all or a part of the 
stretches the rubber. Turn the air has been removed. 

apparatus on its side, and up- 

side down. Do you find that the force acts in all directions? 

(b) Remove the string from the rubber connection and allow 
the air to enter. What happens? Place some vaseline on a glass 
plate large enough to cover the mouth of the funnel, and hold 
the plate securely against the rubber. Again “suck out” some air 
and tie the string around the rubber tubing. Does the rubber 
bulge inward? Was the bulging in the first part of the experiment 
due to “suction”? Slide the glass plate aside and note that the 
rubber is forced inward. The force which causes the bulging must 
be from the outside. Why? (If you have an air pump and bladder 
glass [Figure 47], you can show this air pressure in a much more 


striking way.) 


RUBBER DAM—3<==p 


STRING —~ COS 


«<-RUBBER 
TUBING 


Air pressure is all around you, pushing equally in all direc- 
tions, as the experiment clearly shows. You are not conscious 
of it, because the pressure is the same in all directions and 
because there is air inside your body as well as outside. This 
pressure is due to the weight of the air, and is approximately 
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15 pounds to the square inch on every object at the surface 


of the earth. 


Exercise 13. What is the total force of the air on a garden plot 


40 feet long and 25 feet wide? 


Differences in air pressure cause winds. 
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Fig. 47. Air Pump and Bladder Glass 


As the piston moves down, Valve 2 
opens and Valve 1 closes. The air below 
the piston passes through Valve 2. As 
the piston moves upward, Valve 2 closes. 
Some air from the bladder glass now enters 
the pump through Valve 1, which opens. 
The air in the bladder glass becomes 
thinner. The air above the rubber dam 
forces the rubber into the bladder glass. 


It is now easy 
to understand how a diff- 
erence of pressure in diff- 
erent places causes the 
air tomove. If the pres- 
sure in one place is fifteen 
pounds on a surface one 
inch square, while in an- 
other place it is greater, 
some of the air from the 
latter place will move 
toward the former place, 
just as the air outside 
the rubber dam tried to 
move into the tube where 
the pressure was lessened 
by the removal of some 
air. The slightest differ- 
ence in pressure will 
cause some movement of 
the air, for, being a gas, 
air moves freely. And if 
the difference in pressure 
is great, the movement 
of air from one place to 


another is rapid. Such movement of the air is called wind. 

Changes in temperature cause winds. You recall from 
Problem 1 that the temperature of the surface of the earth 
and the temperature of the air vary greatly in different places. 
Let us see what happens when the temperature of the air 
changes. 
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Experiment 11: How does the volume of air change 
when heated and cooled? 

Take a test tube and lower it mouth-downward until the open 
end is just below the surface of water in a glass or pan. Hold or 
clamp the test tube in this position and then warm the tube with a 
flame. What happens? After several bubbles of air have come out 
of the tube, remove the flame and allow the air remaining in the 
tube to cool. What happens as it cools? Answer the question in 
the title of this experiment. 


Experiment 12: Which is heavier for the same volume, 
hot air or cold air? 

Balance a large open-mouthed bottle or flask on a meter or yard 
stick, as shown in Figure 45, page 54. When you have the bottle 
or flask and the weight exactly balanced, bring a flame against the 
bottle or flask, moving the flame back and forth and around the 
container to warm it evenly on all sides. This will warm all of the 
air in the bottle or flask. Note that the end of the meter stick to 
which the bottle or flask is attached has moved upward. Recall 
from Experiment 11 that air increases in volume, or expands, when 
heated. Some of the air has been driven out of the container 
because the air expanded when heated. The weight of the air in 
the container is less when it is hot than when it was cold. Write 
an answer to the question of this experiment, and explain why 
your answer is correct. 


From Experiments 11 and 12 you see (a) that air expands 
when heated, and contracts, or decreases in volume, when 
cooled; and (6) that cold air is heavier than the same volume 
of warm or hot air. Similarly, when the air over one region 
becomes heated, it expands and becomes lighter than the cold 
air over other parts of the surface of the earth. The cold air, 
being heavier than an equal volume of warm air, is then pulled 
downward by gravity, flows along the surface of the earth to 
the warmer region and under the lighter warm air, and pushes 
the warm air upward. Or we may say that the pressure of 
the air in the cooler region is greater than that in the warm 
region, and the cooler air is, therefore, forced to flow toward 
and into the warm region, causing a wind. 
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Air pressure is measured with a barometer. By knowing 
exactly the pressure at different places, the weather-man can 
predict not only the direction of the wind, but also the speed. 
But there must be some way to measure the pressure accu- 
rately. In the seventeenth century Galileo first suggested that 
air exerted pressure, and sought to 
devise an instrument to measure it. 
He succeeded fairly well by filling a 
long tube, closed at one end, with 
water, and inverting the tube in a tub of 
water. He found that water remained 
in the tube to a height of about 33 to 
34 feet, held there by the pressure of 
the air on the water in the tub outside 
the tube. He also discovered with this 
clumsy instrument that the air pressure 
changed, for the water in the tube did 
not always remain at the same height. 

One of Galileo’s pupils, Torricelli, be- 
came interested in this experiment and 
decided to use mercury instead of water, 

A - so that the tube would not need to be 

Baros’’ means pressure : 
and “meter” means meas- SO long. He knew that mercury is 136 
ure. This instrument times as heavy as water and calculated 
measures weather, that is, that a tube about three feet long could 
one factor of weather, 5 : é 
namely, air pressure. be used. The instrument which Torri- 
celli made was the first modern barom- 
eter such as we use today to measure air pressure accurately. 
You can easily make an instrument like this. 


----ABOUT 30 INCHES---------- 


Fig. 48. A Simple 
Mercury Barometer 


Experiment 13: To make and use a barometer for 
measuring air pressure. 


Heat one end of a glass tube about three feet long in a flame 
until it melts and closes. When it is cool, fill it with mercury. 
Place your finger over the open end and invert it in a dish of 
mercury (Figure 48). Does the mercury completely fill the tube 
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after your finger is removed? What is left between the mercury 
and the top of the tube? Measure the height of the mercury in 
the tube above the level of the mercury in the dish. Allow it to 
stand, and measure the height of the mercury column from day 
to day. Explain why this height changes. 


Exercise 14. Record your observations in a table like that below. 


Air PRESSURE AND Sky CONDITIONS 


DATE MERCURY HEIGHT FAIR, CLOUDY, OR 
IN INCHES RAINY DAY 
10-20-25 28.5 Rainy 


Is there any relation between the height of the mer- 
cury and the kind of weather? 


Exercise 15. Why must the space above the mer- 
cury in the barometer be a vacuum, that is, a space 
without anything in it? 


Barometers measure the air pressure in inches 
of mercury. The air pressure on the mercury in 
the dish holds the mercury up in the tube. It acts 
just like a balance. As the air pressure becomes 
less, the mercury falls until it just balances the air, 
and as the air pressure increases, the mercury is 
forced up until it again balances the air. If you _ 
make a barometer like that shown in Figure 49, you eae 
see that it will work like the simple mercury barom- pene ines 
eter. From this figure you can see that the air 
column which is above the open arm of the tube and which 
extends upward to the top of the air covering of the earth, 
weighs just as much as the mercury in the closed end of the tube. 


AIR COLUMN 50-200 MILES DEEP 


ABOUT 23 OR 30 INCHES OF MERCURY 


eae = WS ea 


Exercise 16. If the air pressure in a certain region is 30.2 inches 
and the air pressure in another region near by is 30 inches, which 
way will the wind blow at a place between these two regions? Make 
a drawing to illustrate this, and explain your drawing. 
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PROBLEM 5: WHY DO WEATHER CHANGES USUALLY COME 
FROM THE WEST IN MANY PARTS OF THE 
UNITED STATES? 


The prevailing westerlies bring fair and stormy weather. 
The United States is in the belt of prevailing westerlies. This 
is one of the general belts of winds which are always present 
on the surface of the earth. These westerlies, made up of 
large areas of calm weather and areas of stormy weather from 
500 to 1000 miles in diameter, move eastward across the 
country. The area of calm, or high pressure, so called because 
the barometer rises as it approaches, usually brings fair and 
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Fig. 50. A Daily Weather Map 


The symbols, lines, and words on the map have these meanings: 

H1GH—center of high pressure; LOW—center of low pressure. 

Isobars (solid curved lines) pass through places of equal pressure. 

Isotherms (broken curved lines) pass through places of equal tem- 
perature. (Jsotherm means same temperature.) . 

Arrows fly with the wind; numbers, such as 40°, show temperature on 
isotherm; numbers, such as 29.8, show pressure in inches on isobar. 

Circles. © clear, @ partly cloudy, ®@ cloudy, ® rain, S snow. 


cooler weather. The area of storm, or low pressure, brings 
stormy weather, and is indicated by a falling barometer. Fig- 
ure 50 shows a weather map with high and low areas. 
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Exercise 17. Examine Figure 50. Name the states in which 
the centers of high pressure and low pressure are located. 


In the “high” the air moves downward and outward from 
the center. It becomes warmed as it approaches the earth, and 
can hold more moisture. There is little rain, therefore, in the 
“high” area. The air which moves outward does not go di- 


oe 
eG i 


Fig. 51. Winds in and between “‘Highs” and “Lows” 


Direction of wind depends on pressure and rotation of the earth. 
The figure represents an ideal condition. Local changes in temperature 
seldom allow the winds to be as regular as they are here shown. The 
centers of the High and Low are shown in circles. The actual areas are, 
of course, much larger than the circles. 


rectly outward, but takes a spiral direction because of the ro- 
tation of the earth (Figure 51). 

The “low” area is the region of stormy weather, that is, 
cloudiness, rain, snow, or thunderstorms. The air at the center 
of the “low” rises, and the air around the center moves inward 
with a spiral motion, as shown in Figure 51. This spiral mo- 
tion, caused by the rotation of the earth, is exactly opposite 
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that in the “high.’’? As the air in the southern half of the 
“low” moves northward, it becomes cooled. Clouds and 
rain often result. (See page 48.) This is particularly true 
of the southeastern quarter of the “low.” Here most rains 
occur and thunderstorms are frequent in the summer season. 

Exercise 18. What changes in temperature, air pressure, and 


sky conditions take place when (1) a “high” approaches, (2) a 
“high” passes, (3) a “low” approaches, (4) a “low” passes? Explain. 


Fig. 52. The Paths of “Highs” and “Lows” 


The heavy lines show the usual course of the centers of the “highs’’; 
the lighter lines indicate the paths of the “lows.” The average speed 
of the areas is shown by the broken lines marked 1 day, 2 days, etc. 


Exercise 19. Examine Figure 54. Place tissue or tracing paper 
over it. Trace the words HIGH and LOW in central and eastern 
United States, and the arrows around these centers. Compare your 
tracing with Figure 51. Is the general direction of the wind in 
and around the “high” and “low” the same in the two figures? 


The general direction and speed of the movement of the 
“highs” and “lows” in the United States are shown in Figure 
52. They do not always take these exact courses, however, 
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Fig. 53. Weather Map for a Day Later than Figure 50 


Observe the direction in which the ‘low’ has moved since the previous 
day. This direction is shown by the heavy arrows. Has the ‘low’? moved 
along the usual path shown in Figure 52? 
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Fig. 54. Weather Map for a Day Later than Figure 53 


Note the movement of the “low” since the previous day. 
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or travel at the speed shown. Many conditions of unequal 
heating and local winds interfere with the general movement. 
If it were not for these interferences, it would be easy to predict 
the changes in weather. 

Prediction of weather requires accurate information. In 
order to predict weather the forecaster must have accurate 
reports of all weather conditions in different sections of the 
country. Every morning at eight o’clock over 2000 weather 
stations scattered throughout the United States, the West 
Indies, and Canada, telegraph the weather conditions tc the 
Weather Bureau at Washington. These reports give the air 
pressure, the direction and speed of the wind, the temperature, 
the amount of rain or snow, the sky conditions, and the highest 
and lowest temperatures since the report of the day before. 
These facts are then charted on blank weather maps. Three 
of the completed maps are shown in Figures 50, 538, and 54. 
These maps also show the direction and speed of the movement 
of the “low’’ across the country. 


Exercise 20. Consult the key to the maps, given in Figure 50, 
and state the kind of weather which existed in your region on the 
day for which Figure 50 shows the weather in the United States. 
Include: (1) condition of sky, (2) direction of wind, (8) baro- 
metric pressure, (4) temperature. 

Exercise 21. The United States Weather Bureau gives the 
following statements as aids in predicting weather: 


(a) When the wind sets in from points between south and southeast 
and the barometer falls steadily, a storm is approaching from the west or 
northwest, and its center will pass near or north of the observer within 
12 or 24 hours, with the wind shifting by way of southwest and west. 

(b) When the wind sets in from points between east and northeast 
and the barometer falls steadily, a storm is approaching from the south 
or southwest, and its center will pass near to the south or east of the 
observer within 12 or 24 hours, with wind shifting to northwest by way 
of north. 

(c) The rapidity of ‘the storm’s approach and its intensity will be 
indicated by the rate and the amount of the fall in the barometer. 


Explain the reasons for the facts mentioned in each statement. 
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PROBLEM 6: OF WHAT VALUE IS A KNOWLEDGE OF 
WEATHER AND CLIMATE? 


Weather forecasts are of great value. The United States 
Weather Bureau expends approximately two million dollars 
every year in collecting information concerning weather and 
climate, and in sending weather warnings and forecasts through- 
out the country. The forecasts and warnings are of great value 


DAY SIGNALS 
Small Craft N.E.Storm S.E.Storm S.W.Storm N.W.Storm Hurricane or 
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NIGHT SIGNALS 


Fig. 55. Weather Signals 


Flags during the day and lanterns at night show shipmen what weather 
‘to expect. The red flag marked Small Craft in the figure is a warning to 
small boats and ships that the storm which is approaching may be danger- 
ous. The meaning of the other signals, which are used for large ships, is 
indicated. Thus a red flag with a black center above a white flag in- 
dicates the approach of a storm from the southwest. Similarly, at night 
a white lantern above a red lantern warns of a storm from the northwest. 


to all of us. Shipping interests are protected, our crops are 
made safer, property and lives along rivers are saved, foods 
like fruit and vegetables are kept from damage while they are 
being shipped, and even in cities the lives of the people are 
made more comfortable and healthful. and property is kept 
safe through the use of these forecasts. 

Ships in port are warned against approaching storms. If 
at sea, they can prepare for the coming storm. To warn ships, 
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storm signals (Figure 55) are displayed at over 300 stations 
along the coasts of the Atlantic, the Pacific, the Gulf of Mexico, 
and the Great Lakes. Warnings of hurricanes are of special value. 

The farmer depends upon these forecasts to a great extent. 
Frost warnings in fruit districts allow him to provide against 


FW ESSE SSS BRS 
Courtesy California Fruit Growers’ Exchange 


Fig. 56. Orchard or Grove Heaters 


The heaters had been lighted just an hour before the photograph was 
taken. The owner had received a weather forecast which predicted frost 
during the night. The orange grove was thus protected from freezing. 


the danger by using heaters in his orchards (Figure 56). With- 
out such warning, cold waves might freeze the buds, blossoms, 
or fruit and destroy the entire crop. Grapes may be picked 
early if a frost is predicted. Raisins may be protected against 
rain. It is estimated that one frost warning alone saved fruit 
growers of Florida over $100,000 in a single night. In the 
summer the forecasts of extremely hot waves are helpful in 
forest regions where foresters take great care to avoid fires. 

Along rivers many thousands of dollars’ worth of property 
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are saved by the flood warnings of the Weather Bureau. A 
heavy rain at the headwaters of a river may cause a flood farther 
down stream. With proper warning, cities may protect the 
banks against overflowing, and prevent great damage such as 
occurred in Ohio cities a few years ago. Cattle which are being 
pastured on river-bottom land can be driven to safety on higher 
land. People may move out of low sections near the river. 

The railroads and ships are very dependent upon the Weather 
Bureau in the shipment of food products which may be frozen 
by sudden cold waves or spoiled by hot weather. Fruit, 
vegetables, oysters, fish, eggs, soft drinks, and many other 
food-stuffs must be properly protected during shipment. The 
weather forecasts predict what temperatures are to be expected 
during the next few days, and perishable goods can be pro- 
tected by proper covering against the cold wave or by 
proper refrigeration against the hot wave. Produce may be 
hurried to its destination ahead of the change in temperature, 
or shipment postponed until the weather is more favorable. 
The same care must be taken in shipping live stock, meat, 
and many other products. 

Even in city life many activities depend upon a knowledge 
of the coming weather. Our coal supply must be sufficient 
for a cold spell. Gas companies must know of the approach 
of a cold wave so they can furnish more gas, while ice com- 
panies must know of coming hot waves so they may have a 
good supply of ice on hand. Automobile radiators must be 
drained when a cold spell comes or must be filled with an 
“anti-freeze” liquid. Greenhouses must provide against freez- 
ing. Cities must provide additional help for sprinkling streets 
during a hot wave, or for removing snow from streets after 
a heavy snowstorm. 

In recent years a study of the weather in the layers of the 
air far above the surface of the earth has been of value to 
aviation. Flyers must know the conditions of the air through 
which they travel. The famous flight around the earth in 
1924 would never have been possible without a thorough 
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knowledge of weather conditions. Balloons carrying weather 
instruments to different altitudes have made such knowledge 
possible, by helping to locate good air lanes along which the 
airplanes may travel with the least difficulty and danger. 

Exercise 22. If you were asked to take one side of a debate on 
the question: ‘‘Resolved, that the weather forecasts are more 
valuable to the farmers than to city dwellers,’ which side would 
you take? Prepare a five-minute speech for your side. 


An important part of the work of the Weather Bureau is 
the study of climate. Records of weather kept over periods 
of years furnish the data for determining the climate of a 
region. For example, if the records show that the average 
temperature of a region for a long period is low and that the 
total rainfall is light, such a place has a cold, dry climate. 
Conversely, a region with heavy rainfall and a high average 
temperature has a hot, wet climate. You must, of course, 
bear in mind that in the temperate zone the seasons cause 
great changes in temperature and humidity. 

The value of a knowledge of climate may be seen from the 
following statement taken from the pamphlet The Weather 
Bureau, published by the Government Printing Office: 


The miscellaneous climatological data are used in medical and 
scientific studies of the relation of weather to diseases and other 
conditions of health, life, or human pursuits; by railroad companies 
in the adjustment of claims and demurrage charges; by home- 
seekers; by invalids in search of health resorts; by irrigation 
investigators; by contractors and builders in settling labor ac- 
counts; by merchants in studies of the relation of the weather to 
their daily sales; by gas and electric light companies in showing 
their customers the relation of their monthly bills to the varying 
hours of daylight at different seasons of the year; as adequate 
testimony in court proceedings; in dry-farming investigations; 
in life and migration of insect pests; in plans for the development 
of the arid regions; in the preparation of historical records; by 
bond and investment companies in determining the loan values 
of farm lands in newly opened countries; in short, in nearly every 
calling in which the weather plays any part. 


EXERCISES AND PROJECTS ON UNIT II 69 


Exercise 23. Which of the uses of climatological data mentioned 
in the preceding paragraph is the most valuable to you? Explain 
why you think so. 


Review Exercise on Unit II. (a) Turn back to the Preliminary 
Exercises and mark those which you answered incorrectly or failed 
to answer. Answer them at the end of your original answers. 

(6) Turn to the Table of Contents of Unit II and see if you can 
give satisfactory answers to each of the problems in this unit. 
If you cannot do so, study the text until you can. 


ADDITIONAL EXERCISES AND PROJECTS ON UNIT II 


1. Why are the heat belts (Figure 33) so irregular in shape? 

2. How will the height of the mercury in a barometer change 
if the barometer is carried to a high mountain? Into a deep 
mine? 

3. Blow your breath against a windowpane. How do you 
explain the formation of the film of moisture? 

4. Frosts are less likely on cloudy than on clear nights. Why? 

5. Why is the surface of the moon which faces the sun ex- 
tremely hot while the opposite side is extremely cold? 

6. What is the total force of the air in tons on a garden 100 
feet long and 240 feet wide? 

7. Keep a morning and afternoon record of the kinds of clouds 
in the sky and the kind of weather. After many days see if your 
records show you any relation between the clouds and the weather 
which follows the appearance of the different clouds. 

8. Why must the air be removed from the space above the 
mercury if the thermometer is to be marked off in divisions of 
equal size? 

9. Why does a south wind often bring rain, while a north wind 
usually brings fair weather in most parts of the United States? 

10. Why do glasses in spectacles become cloudy when a person 
comes into a warm room from the cold outside? 

11.. Why does the ‘‘steam” from the mouth of a teakettle 
disappear? 

12. How do you explain the disappearance of clouds in the sky? 

13. The sun is not so warm early in the morning or late in the 
afternoon as it is at noon. Explain. 


UNIT III 
PROVIDING A GOOD FOOD SUPPLY 


PRELIMINARY EXERCISES 


4 List the different foods you had for dinner yesterday. Op- 
posite each indicate the plant or animal from which the food came. 

2. Name the different methods which you use at home to keep 
your food pure, so that it will not “‘spoil” and make you sick. 

SB. People are often advised by doctors to eat such foods as 
fruits, vegetables, and bran bread. Why? 

4. How does canning keep foods from spoiling? 

5. Make a list of the foods you ate yesterday. Opposite each 
tell whether it was a raw food or a prepared food. If it was a 
prepared food, state how it was prepared, using such words as 
fried, boiled, preserved, manufactured, ete. 

6. Name plants and animals most commonly used for food in 
your community. Make a table like that in Exercise 3, page 35. 


PLANTS ANIMALS 

1. Wheat 1. Hog 

2. Corn 2. Chicken 

3. Peach 3. Fish 
ete. ete. 


ay, For what different purposes do you eat? 

8. Why do you eat different kinds of food? 

9. There are many ways of preserving food. List them. 

10. How does climate determine the kind of plants you eat? 
The kind of animals? 

Al. In what ways does our food supply depend upon the sun? 
The movements of the earth? The weather? 

12. Make a table showing ten manufactured foods, the source 
of each, and how each is prepared. 


FOOD SOURCE PREPARATION 
Butter, Cow Churning cream and 
ete. salting 
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THE STORY OF UNIT III 


Before man had learned to understand and use the forces 
and materials of nature, his food supply depended almost 
entirely upon the climate of the region in which he lived. He 
made his home where nature provided enough food to support 
life. Most of his 
time was spent in 
search of something 
toeat. The stream, 
lake, ocean, field, 
and forest furnished 
him with such food 
as he could obtain 
by fishing and 
hunting. Fish, ani- 
mals, berries, leaves, 
stems, roots, and 
seeds made up his 
daily menu. He 


learned what was Underwood and Underwood 
good to eat by Fig. 57. Cooking over an Open Fire 
sampling nature’s These African natives are broiling goat flesh. 


As the Perhaps on picnics or camping trips you have 


products. prepared foods in this way. 


food in his neigh- 
borhood became exhausted, he moved on to other places. Each 
day he struggled with nature against starvation. 

When he had discovered the use of fire, he began to cook 
certain foods. This, he found, improved their flavor. For 
a long time he was satisfied to roast his food over an open 
fire (Figure 57), or in the hot ashes. When he learned how to 
use fire in making fireproof vessels of clay, he found another 
method of preparing his food: he was able to stew and boil his 
foods in water (Figure 58). Perhaps he also found that cooked 
foods did not spoil so quickly as raw foods, and thus he was 
able to keep them longer without spoiling. 
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One of the important early steps in man’s struggle with 
nature in certain climates took place when he began to tame 
wild animals and keep them as a source of food for the 
long winter months. 
The animals produced 
their young and fur- 
nished him with a 
constant supply of 
animal food. At the 
same time he found 
it necessary to secure 
plant food for the 
animals. This was pos- 
: sible, because by this 
Fig. 58. Stewing Food in a Pot of Water time he had learned to 
cultivate the soil and 
grow certain grain- 
producing plants. He was now a man of property; he began to 
build a more or less permanent home and to live in communities. 

With the growth of population in the community and with 
the establishment of other communities came the need for 
better methods of farming and of exchanging goods. New 
varieties of crops and new animals were raised. An increas- 
ing number of devices to aid in the cultivation of the soil and 
to increase the comforts of home were manufactured. The 
farmer sent his food products to the city, where they were 
sold or stored for future use, and the city dwellers exchanged 
manufactured goods for them. Thus, gradually, there grew 
up our present civilization, in which each community and 
cach man takes part in producing, manufacturing, and 
exchanging the foods which are essential to our daily life. 
We see that this great development took place as a result of 
man’s discoveries in his struggle with nature. 

In his study of nature man found that his food supply was 
dependent not only upon the climate but also upon the kind 
of soil. The climate could not be changed; so he directed his 


Stoves are still unknown in many places. 
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efforts toward cultivating and improving the land. By 
cultivating the soil in various ways he was able to raise many 
new food-producing plants. By irrigating (Figures 59 and 60), 


‘ Fig. 59. A Region Before Irrigation 
Before irrigation this region in Idaho was useless toman. It was covered 
with cactus and sage brush and would support no food-producing plants. 


Courtesy United States Reclamation Bureau 
Fig. 60. The Same Region After Irrigation 
After irrigation great fields of grain replaced the cactus and sage brush. 
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he made it possible to raise usable plants and animals in regions 
which were until then of little if any value to him. By drain- 
ing he made huge areas of swamp-land into fertile fields. 
By experimenting he produced plants and animals better 
adapted to live in different climates. By fertilizing the soil 
with materials needed for plant growth, he greatly increased 
the productivity of the soil. Government and state experiment 
stations were established to examine the soils, to learn the best 
methods of cultivation for different crops, to find what crops 
are best suited to the soil, to determine the kind of fertilizers 
necessary to keep the soils in good condition, to study methods 
of irrigating and draining, and to devise ways of protecting 
crops against injurious insects and such other living enemies 
as wheat rust, scales on trees, and mildew. With a larger 
supply of plant food, more animals, such as cattle, hogs, sheep, 
and chickens, could be raised. Thus our supply of both plant 
and animal food has been increased by the introduction of 
modern methods of agriculture. 

Along with this knowledge of how to raise plants and ani- 
mals has come an increased knowledge of the kinds of food 
which the human body needs. It has been found that a 
proper food supply must furnish several kinds of materials to 
the body... 

Proteins, contained in such foods as peas, beans, eggs, and 
lean meat, are required to build and repair the body. Carbo- 
hydrates, which include starch and sugar, and which are pres- 
ent in many vegetables and in grains, must be eaten in order 
to supply the energy which keeps us warm and enables us to 
move. Fats, found in vegetable oils, butter, milk, and meats, 
are also needed for furnishing energy and may be stored in 
the body for future use. Minerals are important as builders 
of bone and other parts of the body, such as the blood. Water 
is also an essential, and is obtained in foods as well as in its 
natural form. Recent investigations have also shown that 
certain foods, such as butter, beef, eggs, milk, and apples, 
contain materials called vitamines, which are necessary for 
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body health. A knowledge of the uses of these various food 
substances and of the correct proportion of each in our daily 
menu is necessary to everyone who wishes to provide his body 
with the kind and with the amount of food which will keep it 
in a healthy condition. 

Man has made still another important discovery in con- 
nection with his food supply. He has learned why foods 
spoil and how to 
prevent them from 
spoiling. This is of 
great importance to 
all of us today, since 
foods must be shipped 
long distances and 
must be kept for long 
periods of time be- 
fore they are used. 
Having learned that 
decay is caused by 


small or anisms that Soar American Railway Express 
g ? Fig. 61. Ice Chamber of a Refrigerator Car 


ay" small pl ants and The left of the two doors is open, showing 
animals which get the chamber in which the ice is to be packed. 
into the food, man_ The ice is loaded through the trap-door in 
the roof. The remainder of the space in the 
He tay he a car will be filled with perishable foods. 
eep them from spoll- 


ing the food. Their growth may be prevented, or they may 
be killed. Organisms are killed by high temperatures; at 
very low temperatures they cannot grow and produce poisons. 
Thus, drying foods or keeping them cool in refrigerators pre- 
vents the growth of these small organisms, so that the food 
remains in good condition (Figure 61). Similarly, cooking, 
heating, and treating foods with certain chemicals kill the 
organisms. These and other methods of preservation not 
only make it possible for us to keep foods for long periods, but 
they also prevent the entrance into our bodies of disease-pro- 
ducing germs which may be present in spoiled food. 
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PROBLEM 1: WHAT ARE THE SOURCES OF OUR FOOD? 


The water and the soil are the homes of the plants and ani- 
mals we eat. Here, under proper conditions of climate, they 
erow and manufacture our food materials. If you examine 


Fig. 62. Stems as Food Fig. 63. Roots as Food 


the list you made in Preliminary Exercise 6, as well as other 
sources which you might add, you find that the principal 
plant foods are fruits, vegetables, and grains from the garden 
or field. Similarly, you see that the important animal foods 
are obtained from cattle, 
hogs, sheep, fowls, and fish. 
If you live in the country, 
many of your foods are 
obtained directly from the 
farm. But if you live in 
the city, most of the foods 
Fig. 64. Fruits and Seeds as Food 0 your table have passed 
through many hands. Orig- 

inally they came from the water and the field or garden, but 
they have passed through the hands of the fisherman or farmer, 
the wholesale house, the commission merchant, broker, packing 
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house, railroad, and storekeeper before they reached your 
kitchen and were prepared for the table. 
The value of the food products raised and consumed in the 


Fig. 65. Leaves as Food 


United States each year is enormous. In one year the United 
States exported more than $2,034,000,000 worth of food prod- 
ucts. During that same year $1,816,000,000 worth of food prod- 
ucts was imported. The annual consumption of 
meat per capita has been estimated to be about 
one hundred eighty pounds. When we con. 
sider that meat is only a small part of our daily 
food, we can easily see that each of us eats many 
times his weight in 
food each year. When 
you remember that 
the population of the 
United States is more 
than 110,000,000, you 
realize the tremen- 
dous amount of food 
Fig. 66. which must be pro- 
Bere C OCR cad annually. 
Different parts of the plant are used as food. The principal 
parts of green plants, which furnish the greater proportion 
of our food supply, are: root, stem, leaf, bud, flower, seed, 
and fruit (Figures 62-67). These are used directly or are manu- 


Fig. 67. 
A Flower as Food 
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factured into various plant products. The bud and the 
flower are less commonly used than the other parts. In the 
table below you will find the names of food plants and their 
products listed under the part of the plant which supplies 
the food. Those marked (*) are manufactured products. 


TaBLeE II: Sources or Common PLAantT Foops 


ROOT STEM af BUD FLOWER SEED FRUIT 


1 


Turnip |Asparagus| Cabbage |Brussels |Cauli- |Wheat |Tomato 
Radish |Potato Lettuce | Sprouts| flower |Rice Peach 
*Beet /*Cane Onion *Corn- | Banana 


Sugar) Sugar oapearan? starch| #A~-r0 


Many plant products appear on the table every day. Sup- 
pose, for example, that your meals for yesterday were as 
follows: 


BREAKFAST NOONDAY MEAL EVENING MEAL 

Orange, or baked Pea soup | Roast beef 

apple Creamed asparagus "Mashed potatoes 
Oatmeal,cream, and on toast String beans ° 

sugar Lettuce and tomato Bread and butter 
Eggs and bacon salad Grape jelly | 
Toast Hot rolls Chocolate cake 
Butter Butter 


Look over the menus and check with a light pencil mark 
the plant products. 


Exercise 1. Copy Table II and add 20 other plants or their 
products, placing each in the proper column. 

Exercise 2. List the plant foods given in the menus above, and 
after each, name the plant and the part of the plant from which 
it came. 


Animals furnish us with much food. Cattle, hogs, and sheep 
furnish us with our principal animal foods. As in the case 
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of the plants, various parts of these animals are used. The 
most commonly eaten parts are the flesh, heart, liver, pancreas, 
and brains. Often in the country these animals are killed and 
the meat used as needed, being kept from spoiling by refrig- 
eration, smoking, or salting. In the small town the animals 
are slaughtered by the meat-market man from day to day and 
kept in the refrigerator, so 
that fresh meats may be 
supplied to the customers. 
A large proportion of the 
animals is shipped to great 
meat-packing centers like 
Chicago, Omaha, Kansas 
City, New York City, Cin- 
cinnati, and Los Angeles. 
Here they are slaughtered 
and prepared for meat after 
they have been inspected 
and the diseased animals 
rejected (Figure 68). The 
fresh meats, such as beef, 
veal, pork, lamb, and mut- 
ton, are again examined in 
the packing house’ by Fig. 68. Government Inspector 
inspectors of the United AEE CES 

: All meat must be examined and 
States Department of Agri- stamped by government inspectors 
culture. The meats that before it can be sold. In this way the 
pass inspection are then government protects you from many 

: diseases. 

placed in cold storage; or 
they may be immediately distributed in the city, shipped in 
refrigerator cars to other markets, preserved by smoking, 
drying, or “curing,’”’ or made into many kinds of canned meat 


Keystone View Co, 


products. 

To a lesser extent fish, chickens, ducks, geese, and turkeys 
furnish us with food materials. The fishing industries have 
become very important. Poultry farms are very common, 
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and it is estimated that the value of poultry products is equal 
to that of our wheat crops. Because the supply of the animals 
mentioned in this paragraph is more or less limited or because 
the cost of raising and shipping them is great, they are usually 
more expensive than the other meat foods previously discussed. 

Few meals would be complete without one or more animal 
products such as cream, milk, butter, cheese, and eggs. They 
have a very high food value and are therefore economical 
foods. Tremendous quantities of them are produced and 
used each year. For example, the total production of eggs 
in the United States for one year would build a wall of eggs 
thirty feet high and one egg thick from New York to San 
Francisco. New York State alone supplies enough milk in 
a single year to fill a lake one mile long, a quarter of a mile 
wide, and ten feet deep. 


Exercise 3. Make a list of the kinds of meat which you eat. 
After each, state the animal from which it comes and the part 
of the animal used. Inquire at home and at the meat market to 
make your list as large as possible. If you can do so, obtain from 
your local meat market charts which show the various cuts of 
meat obtained from different animals. Use the following form to 
arrange your data. 


Kinps or AntMAL Foops AND THEIR SOURCE 


FOOD ANIMAL PART OF ANIMAL 
Ham Hog Hind-quarter 
etc. 


All foods come from plants. Although both plants aad ani- 
mals are used as sources of our food supply, the green plants 
are really the food factories of the world. They take from the 
soil, water, and air the materials of which our food is com- 
posed. Water and minerals enter the plant through the roots 
and are transported through the stem to the plant leaves 
(Figure 69). Air containing oxygen and carbon dioxide enters 
the leaves through thousands of tiny openings (stomates) in 
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the leaf covering (Figure 70). Scattered through the leaf are 
many small masses of chlorophyll, which has the property of 
using the light energy from the sun in such a way that the 
water and carbon-dioxide gas are changed to carbohydrates. 
During this process, oxygen 
is given off through the sto- 
mates. Since burning, de- or : 
caying, and breathing take EER ERE ICES 
oxygen out of the air, this Aste i hae e: £ 
action of leaves in giving off |¢ ae OS Be Beet Sec hg hE een Gaeey pk 
oxygen is very important in 
that it keeps the necessary 
supply of oxygen in the air. 
Plants manufacture not only 
carbohydrates but also pro- 
teins and fats. 


Experiment 14: How can we 


pray a neti ae Fig. 70. The World’s Greatest 
acture starch? Factory—the Leaf 
(a) Place a very small piece This is what a cross-section of a 


of starch in a test tube one- leaf looks like when placed under a 
fourth full of water. Heat the high-powered microscope. The epi- 
mixture to boiling, and then dermis and palisade layers prevent the 

: leaf from drying up. The small round 
allow it to cool. Add three Or dots scattered through the leaf are 
four drops of iodine solution. small bodies containing chlorophyll, 
Note that the solution turns which gives the leaf a green color. 
blue. This is the test for starch. 

(b) Secure leaves from some nasturtium, bean, or other plants 
which have stood in the direct sunlight for several hours. Place 
them in hot water for several minutes, and then boil them in 
alcohol until the green coloring (chlorophyll) is dissolved. Place 
the leaf on a glass plate and add several drops of iodine solution. 
Hold the leaf up to the light. Is starch present? 


The newly manufactured materials in the plant are carried 
to all its parts by the sap which circulates through the plant 
in much the same way as the blood circulates in your body. 
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Experiment 15: How does the sap travel through a plant? 


Obtain several living shoots of such plants as corn, lily, parsnip. 
Place the cut ends in a solution of eosin or red ink. Allow them 
to stand for twenty-four hours and then cut across the stem 
at various points and 
observe the freshly 
cut cross-section. Also 
observe the leaves. 
Does the sap travel 


Food 


a - Oxygen . 
aS A Set Carbon Dioxide through definite chan- 
P nels? 


This circulation of 
sap makes it possible 
for every part of the 
plant to grow. Some 
of the materials 
which are not im- 
mediately used for 
growth are stored in 
the various parts of 
the plant. Certain 
of these stored ma- 
terials furnish the food for animals and man; others are used by 
the plant in growing. Since animals cannot combine the raw 
products from the soil and air as the green plants do, they must 
eat plants and change them into new animal materials. Thus 
all of our food supply comes directly or indirectly from plants. 
It is also interesting to note that when the plants and animals 
die and decay, the materials of which they are composed be- 
come a part of the soil and air and furnish raw products for 
other growing plants. 


MAN a 


Fig. 71. The Food Cycle in Nature 


Exercise 4. Examine Figure 71, which shows how plants, ani- 
mals, and man depend upon each other and upon the soil, water, 
and air. Under the title ‘““Facts from Figure 71,’ state as many 
facts as you find represented in the diagram. Thus: 

(a) Plants furnish food to animals. (6) Plants furnish food to man. 
(c) Plants give oxygen to the air, etc. 


[WHY DO|\YOU EAT FOOD?\\~> = &% 


| 


PROBLEM 2: WHY DO YOU EAT FOOD? 


Pi ppl yi CF Z re 
The body is a complex machine. Two common answers to 
the question of Problem 2 are: (1) “to keep alive,” (2) ‘‘to 
satisfy hunger.’ Neither of these answers explains how the 
body uses food. To give a more scientific answer you must 
consider what becomes of the food which 
is taken into the body. You must think 
of the body as a complicated machine 
which requires some force or energy to 
keep it in running order and some mate- 
rials to make it grow and keep in repair. 
The body may be compared with a steam 
engine by showing the similarities and 
differences between the two. Both require 
energy to make them move; both work 
best at a certain temperature; both must : ae 
be kept in repair. On the other hand, the pig. 72. 4 Typical 
body can grow and repair itself, two qual- Cell 
ities which the engine does not have. Also, Your body is made 
the body generates its own power within calle eee 
itself, while the engine must be supplied posed of protoplasm, 
with energy, in the form of steam, from which is the living ma- 
a boiler outside the engine. Moreover, ae ee ae ae 
the body is composed of millions of parts jg a somewhat denser 
made of many different materials, whereas protoplasm, the nucle- 
the engine has relatively few parts, which (1 i ae oe 
are made almost entirely of iron and steel. : 

The body grows. One of the most striking qualities of a 
living thing, like the human body, is its power to grow. Year 
after year during the earlier part of one’s life the body becomes 
larger. This growth comes about through the increase in 
the very great number of minute cells of which the human 
machine is composed. Figure 72 shows the structure of a 
typical cell. The cells which make up the various parts of 


the body are of many different kinds. 
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The plant and animal foods which you eat contain the 
materials which the body uses to manufacture the necessary 
cells. As you grow, new cells of all kinds are produced by 
the division of the old cells (Figure 73), and each part of the 
body increases in size. 
Of course, you must 
eat the proper variety 
of foods to supply the 
needed materials. If 
you do, the body 
changes these foods 
into the required hu- 
man materials, and 
you gradually become 


Fig. 73. Stages in Cell Division a full-grown, healthy 
The single cell in the upper left hand individual. 
corner slowly changes, becoming two separate The body requires 


cells, each like the parent cell. The nucleus heat 


divides, forming two nuclei, one for each cell. Have you ever 


tried to start an auto- 
mobile engine on a cold day? And do you recall how the 
engine ‘“‘sputters’” and “coughs” until it is thoroughly warm? 
Perhaps you have also noticed that the engine does not run 
so well when it becomes too hot. Your body is much like 
the engine. It operates best at a certain temperature. Un- 
like the engine, however, the human body is always at the same 
temperature if you are in good health. Very warm or very 
cold air does not change the temperature of the body as it 
does in the case of the engine. The body usually remains at 
98.6° F., its normal working temperature. It is only in case 
of sickness that it may drop much below this point and have 
a sub-normal temperature, or that it may rise considerably 
above 98.6° F. and produce a fever. 

The heat which keeps the body warm is furnished by the 
food which you eat and the oxygen you breathe. In the engine 
the heat required to change the water into steam is produced 
by the combination of the oxygen gas in the air with the 
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fuel. In the body, oxygen is taken into the lungs when you 
breathe. This oxygen passes through the thin walls of the tiny 
blood vessels in the lungs and gets into the blood (Figure 74). 


The blood is then sent back 
to the heart, which pumps it 
through the rest of the body. 
The food you eat is also taken 
into the blood and transported 
through the body. As the blood 
circulates, it is constantly giving 
up food materials and oxygen to 
cells that need them. The food 
may be manufactured into new 
cells or used to repair old cells, 
or it may be stored for future 
use. 

The different cells and food 
materials stored by the body 
are “burned” by the oxygen, 
producing heat. This type of 
“burning”’ is so slow that no 
flame is present as in the case 
of coal or wood. It is called 
slow oxidation. The heat given 
off by the oxidation of the cells 
and food materials keeps the 
body warm. Producing heat 
to keep the temperature of 
the body uniform is, therefore, 
another use of food. 

Food furnishes energy for 
bodily activities. Some part of 


al 


<7 
Ps \ 
E> 


_Fig. 74. How Oxygen is Carried 
to All Parts of the Body 


The arteries carry blood away 
from the heart, and the veins 
bring blood back to the heart. 
Figure 74 shows how the blood 
vessels subdivide so that all parts 
of the body may be reached. 


the body is always in action, even when you sleep. During 
your waking hours you are active doing such things as 
thinking, walking, writing, breathing, jumping, playing, eat- 


ing, and seeing. 


In your sleep you breathe, your heart 
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continues to pump blood, and various other activities are 
going on inside your body. Every one of these activities 
requires some force or energy to produce it. This energy 
is supplied by the slow oxidation which is constantly 
taking place in the cells. The proper energy-producing food 
materials must therefore be present in every active part of the 
. body. 

How this energy is produced will, perhaps, be clearer by 
further comparing the body with the engine. In order to 
make the engine move, steam is needed. The energy of the 
steam comes from the heat produced by burning coal. The 
heat energy is first changed to the energy, or force, of steam. 
This, in turn, drives the engine and gives it energy of motion, 
which may be tsed to pull a train, saw wood, or run a dynamo. 
Similarly, in the body the energy produced by oxidation of 
the cell materials may be used to move any number of the 
more than five hundred different muscles, to send nerve 
messages throughout the body, or to think. There are, how- 
ever, two important differences here between the engine and 
the body. The fuel is outside the engine, while the body uses 
fuel within itself; also, the fuel for the engine is not made 
of the same material as the engine, but the fuel of the body is 
part of the body itself. There is, then, a third reason why 
you eat, namely, to produce the energy which makes the activ- 
ities of life possible. 

The body must be kept in repair. When a steam engine 
is used, its parts become worn or broken. These must be 
repaired or replaced by new parts. Likewise the cells which 
make up the body are constantly being worn out. Every. 
time you wink your eye, sit down, get up, think, look, listen, 
or move any part of the body, certain cells are destroyed. 
These must be replaced. Food materials are required to 
rebuild the worn parts. The human machine changes the 
food into living material and repairs the damage done. This 
wonderful power of repair in the human body is shown strik-~ 
ingly in the case of broken bones or serious cuts. With the 
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broken ends of bones or the cut parts held together by band- 
ages, new cells grow (Figure 73, page 84,) and in a short time 
the damage is repaired. 

You may summarize the answer to Problem 2, then, by giving 
four reasons for eating food: (1) to furnish material for growth, 
(2) to supply the heat which maintains the temperature of 
the body, (3) to produce the energy required by various activi- 
ties, and (4) to keep the body in repair. Perhaps one other 
use of food might be mentioned, namely, storage for future 
use. When more food than is necessary for the four purposes 
given is taken into the body, some of it may be stored. 


Exercise 5. Explain why people eat more in winter than in 
summer. 

Exercise 6. Bears find a convenient hole to rest in during the 
winter and eat no food during that time. How do they keep 
alive? 

Exercise 7. Why does hard work or strenuous exercise increase 
your hunger? Why do you breathe more rapidly during such 
work or exercise? 


———— 


“PROBLEM 3: WHAT KINDS OF FOOD SHOULD YOU EAT? 


You have seen that food not only satisfies your appetite, 
but that it serves four important purposes in the body. In 
order to serve these purposes several kinds of food materials 
are essential. It therefore becomes necessary for the chemist 
to analyze the different kinds of foods, that is, to determine 
what food materials they contain, so that people may be able 
to select a proper diet. 


Experiment 16: How can the presence of starch, sugar, 
protein, fat, and minerals in foods be shown? 


1. Starch 

(a) Cut a thin slice of potato. Place it in water and scrape 
it with a knife. Remove the potato slice and boil the scrapings 
in the water. Test for starch with iodine solution. (Tincture of 
iodine, which can be obtained at a drug store, may be used.) 
Result? Add only a few drops of the iodine. 
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(b) Other materials, such as beans, peas, oatmeal, rice, crackers, 
and bread, can also be tested for starch. Make a paste of the ma- 
terial by grinding it in a little cold water. Then add hot water, 
mix thoroughly, and allow to cool. Test the mixture with iodine. 
Record whether or not starch is present. 


2. Sugar 
(a) Grind some raisins and add a little water. Allow the solid 
materials to settle, and then pour off the liquid into a test tube. 
Add about one cubic centimeter (1 c.c.) of Fehling’s solution to 
the liquid, and boil. A yellow-red color shows the presence of 
grape sugar. (Fehling’s solution may be obtained at any drug store. ) 
(b) Test other foods as directed in (a), and record your results. 


3. Protein 

(a) Place a small portion of the white of an egg in a test tube 
and add a little water. Then add 5 c.c. of nitric acid and heat 
gradually to boiling. Allow the solution to cool, pour off the acid, 
and add 10 ¢. ce. of ammonium hydroxide. A deep orange color shows 
the presence of. protein. 

(b) Test other materials, such as meat, flour, and bread, and 
record your results. 


4. Fat 

(a) Rub a small piece of lard or butter on a sheet of glazed paper. 
Hold the paper over a flame until the butter melts, and then hold 
the paper up to the ight. The spot made by the butter becomes 
translucent; that 1s, it allows ight to pass through the paper. 

(b) Test peanuts for fat by crushing them in a mortar and then 
rubbing the powder on thin paper. 

(c) Test other materials for fat. (Unless fat is present in large 
quantities, it is very difficult to detect it by these methods.) 

5. Minerals 

(a) Obtain a small piece of bread and heat it at a high tempera- 
ture until all of the materials which will burn have disappeared. 
The remaining material, ashes, is composed of minerals. 

(b) Heat a beaker or dish of water until the water is completely 
evaporated. Note the white solid material left on the sides of the 
beaker. ‘These are minerals which remained in the beaker after the 
water had evaporated. 

(c) Test other food materials for minerals as directed in (a). 
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Exercise 8. Go over all the results obtained in Experiment 16 
and rewrite them in a table as follows: 


TrEsts FOR Common Foops 


FOOD STARCH 


+ 


SUGAR 


Potato 


PROTEIN FAT 


Place a + sign in the proper column to the right of the food 
if your tests show that starch, sugar, protein, or fat is present. 

If the test does not show the presence of starch, sugar, protein, 
or fat, place a — sign in the proper column. 


Proper diet depends upon climate. The climate of a region 
not only governs the kinds of food which are available, but it 
also determines the kind of food man should eat. In the 
frigid Arctic regions, for example, the supply consists largely 
of animal foods, for few plants grow in very cold climates. 
Moreover, the temperature of the air is much lower than that 
of the body, and the body loses a great deal of heat. This 
makes it necessary to eat foods which will produce a large 
amount of heat, and explains why fatty foods are used in great 
quantity by inhabitants of Arctic regions. 

In warm climates, like the tropics, many plant foods are to 
be had, and the body needs little heat-producing food. There- 
fore few fatty foods are eaten there. The climate of our own 
country makes possible an abundant supply of both plants and 
animals. Since the climate varies with the season of the year, 
it is necessary to select the proper amount of heat-producing 
foods during the different seasons. Thus you eat more foods 
containing carbohydrates and fats in the winter than in the 
summer. Throughout the year in any climate you need, of 
course, the other kinds of food for the growth and repair of the 
human machine. 

Proper diet depends upon your activities in life. Have 
you noticed that you become very hungry after a strenuous 
game or after several hours of hard physical work? Your appe- 
tite is nature’s signal that food is needed. The physical exer- 
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tion tears down the muscle cells and uses up the stored supply 

of food. More food is needed to repair the cells and to 

restore the energy of the body. Since, as you recall, proteins 

are needed to rebuild the cells, your body requires that you 

select some foods which contain this food material, as well as 

other kinds of food. Without proteins 

Qther Eements62) the torn-down cells cannot be rebuilt. 

g Nitrogen (874) The living substance in the cells is 

yeeoeenes called protoplasm. It looks much like 

Carbon(18%) the white of a raw egg and is com- 

posed of several simple substances, or 

elements. Everything in the world, 

living and non-living, is composed of 

Oxygen(65%) these elements, 85 of which are known. 

They are called elements because they 

have never been separated into simpler 

substances. The principal ones which 

; are necessary to build protoplasm are 
Fig. 75. Percentage of the : 

Important Elements carben, hydrogen, oxygen, and nitrogen 

in Protoplasm (Figure 75). Now, proteins are made 

These elements arecon-. Of the same elements and can furnish 
tained in the water you the necessary materials to rebuild the 
a and the food you  ¢ells which are worn out so rapidly by 

the bodily activities. You see, there- 
fore, that meats, fish, eggs, milk, and other protein foods must 
be eaten at all times, but that such foods should be consumed 
in larger quantity when one is engaged in vigorous physical 
work or in sports that involve strenuous exercise. 

There is, however, always the danger of eating too much 
protein. It is often the case that boys and girls eat so much 
protein food at one meal that their appetite is satisfied, and 
they take little of fats and carbohydrates. This is undesirable 
for several reasons. First, without carbohydrates and fats 
the protein food must furnish fuel as well as repair materials. 
This is not economical, because the common protein foods are 


els 


100% 
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usually the more expensive. Second, the protein foods are 
not so easily digested as the carbohydrates and fats, and 
produce more harmful waste materials. Such practice, there- 
fore, puts an extra strain on the digestive apparatus of the 
body. Also, the kidneys and liver must work overtime to free 
the body from the unnecessarily large amount of wastes. 

You should gain the idea from the preceding paragraph that 
a variety of foods makes up a well-balanced diet. There should 
be enough of each kind of food in the daily menu, or diet, 
to serve all purposes. This is particularly true in the city, 
where much of our time is spent in school or in the office, and 
where the proper amount of physical exercise is not always 
secured. Such sedentary, or physically inactive, life and the 
present-day condensed or concentrated foods are likely to 
produce constipation. If the bowels are not kept free from the 
harmful wastes by daily or more frequent movements, these 
wastes produce poisonous materials which cause digestive dis- 
orders. Thus you need vegetables and fruits and certain min- 
erals, all of which promote the bowel movements and pre- 
vent constipation. Many of the vegetable foods, like whole- 
wheat bread, unpeeled potatoes, peas, and beans, are the most 
economical sources of protein, and contain the proper pro- 
portion of protein and the other food materials. 

Proper diet depends upon age, weight, and height. Age is 
an important factor in selecting food. Young people who are 
growing rapidly require a larger amount of food in proportion 
to their weight than older people. The former need to build 
many new cells in growing, while the latter need only to repair 
the torn-down cells. Also, younger people are usually more 
active and therefore require more energy-producing food. 
Probably you have often been reminded of the fact that you 
eat more food than do older members of your family. This 
is reasonable at a certain age. You should not, however, 
overeat just to satisfy your appetite, for your appetite is not 
always a safe index of the amount of food which the body 
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should have. You may leave the table hungry and still have 
eaten all your body requires. 

The amount of food which you require depends also on 
your size, that is, your height and weight. Table III shows 
the correct weights of boys and girls of different ages and 
different heights. Examine the table and compare your 
weight with that given for your age and height. If your 
weight is only a few pounds above or below the figure given 
for your age and height, it is not a serious matter. If, how- 


Courtesy American Museum of Natural History 


Fig. 76. A Sample Breakfast 


Here is a good breakfast for a growing boy or girl. It consists of oat- 
meal, cocoa, toast and butter, milk, and baked apple. 


ever, you are more than 15 pounds underweight, your diet 
should be improved. On the other hand, considerable over- 
weight means that you are too fat. This should lead you to 
exercise more, and eat less of those foods which produce fat, 
such as sugar, fats, and starch. Candy and ice-cream are two 
such fat-producing foods which you should avoid. By guard- 
ing against your appetite and by taking the proper exercise 
you may do much to reduce your weight and figure to 
normal. You should have some expert, like the doctor or the 
home-economics teacher, determine your diet. Some sample 
meals planned by experts are shown in Figures 76, 77, and 78. 


7 


*B represents boys. 
*G represents girls. 
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TaBLeE III: Heregut-WeicHt-Acr TABLE 
AGE 11 YRS. | 12 YRS. | 13 YRS. | 14 YRS. | 15 YRS. | 16 YRS. 
HAIGHT eB |G BaleG eB Go lop | GB fel pe ine 

48 57| 56 

49 59] 58 

50 61] 60] 62) 61 

51 64| 63] 65} 64 

52 67| 66] 68] 67 

53 69 GSI = ZO) 69) 71 70 

54 TPA Tm 763 AN CR) 0033 

55 OETA Ole a aacia |e Ol Sl ae 

56 79| 78] 80} 79] 81) 80} 82) 81 

Oe 82} 82! 83] 83] 84) 84] 85] 85} 86) 86 

58 85] 86] 86] 87] 87] 88] 88) 89] 90) 90] 91] 91 

59 88} 90! 89] 91] 90} 93} 92] 94] 94) 95] 96) 96 

60 92} 94] 93] 95] 94) 97] 97} 99) 99} 100] 101) 102 
nel 95! 99] 97/101] 99] 102} 102] 104 104\7E00F 106 108 

62 100! 104} 102} 106] 104] 107) 106} 109} 109) 111} 111] 113 

63 105! 109] 107] 111} 109) 112) 111] 118) 114} 115} 115) 117 

64 113] 115] 115} 117] 117} 118] 118] 119} 119} 120 

65 120] 119] 122} 120] 123} 122) 124] 123 

66 125] 121] 126} 122] 127) 124] 128) 126 

67 (SOMA TS 1126) 132|) 127 as3siet2s 
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Fuel value of food must be considered. As you have seen, 
the body requires a certain amount of energy. The amount 


Courtesy American Museum of Natural History 
Fig. 77. A Sample Lunch i 
Cream of tomato soup, milk, white bread and butter, prunes, and cookies 
will furnish enough calories for hard work and play in the afternoon. 


of energy furnished by foodstuffs is the fuel value of the food. 
This is measured in calories, one calorie being the quantity 


ve 


ory 


Courtesy American Museum of Natural Hist 
Fig. 78. A Sample Dinner 


After a strenuous afternoon, a dinner of lamb stew, potato, spinach, 
whole-wheat bread, butter, milk, and rice pudding will suffice. 


of heat necessary to raise the temperature of one kilogram 
(1000 grams) of water one degree centigrade. (1 kilogram 
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is equal to the weight of approximately 1 quart of water, or 
2.2 lbs.) Or it may be defined as the quantity of heat required 
to raise the temperature of one pound of water about four 
degrees Fahrenheit. You can think of the calorie as the 
amount of heat from a gas flame which will warm a pound 
of water (about one pint) four degrees as measured with the 
ordinary household thermometer. By careful experimenting 
it has been found that one gram of each of the following kinds 
of food produces, when burned, or oxidized, in the body, the 
number of calories shown: 


(a) 1 gram of protein produces 4.1 calories. 
(b) 1 gram of carbohydrate produces 4.1 calories. 
(c) 1 gram of fat produces 9.1 calories. 


From these figures it is easy to determine the fuel value of 
a meal. All that you need to know is the percentage of pro- 
tein, carbohydrate, and fat in each of the foods, and the weight 
of each kind of food which you eat. It would, of course, be 
very inconvenient and practically impossible in the home 
to determine the exact fuel value of each food which you eat, 
and thus select the correct amount of food for its fuel value. 
Scientists have done this for all foods. People who know how 
much food they need to keep in good health can, therefore, 
select foods of the proper fuel value. 

The fuel value of foods required by different persons varies 
according to the factors already discussed, such as climate, 
age, physical exertion, and size. Standards have been worked 
out by experts in this field. A man doing moderately active 
muscular work requires about 3500 calories per day; a man 
doing light muscular work and a boy of 15 require about 3150 
calories per day; a man at sedentary occupation, a woman at 
moderately active work, a boy from 13 to 14 and a girl from 15 
to 16 years of age require about 2800 calories per day; a woman 
at light work, a boy 12, and a girl from 13 to 14 years of age 
require about 2450 calories; a boy from 10 to 11 and a girl 
from 10 to 12 years of age require about 1800 calories per day. 
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Of course, these standards are not to be considered exact for all 
people, but they furnish a guide by means of which we may 
regulate our daily diet. 

Though you cannot measure the number of calories you re- 
quire, you can see from this study that it is sensible to think 
about the fuel value of your food. Figure 80 shows the fuel 
value as well as the composition of some common foods. You 
can determine approximately the amount of food which makes 
you feel best, and then eat accordingly, knowing that over- 
eating to satisfy an excessive appetite does you harm instead 
of good. Overfeeding the body is much like overfeeding a 
gasoline engine with a mix- 
ture which is too rich. It 
reduces the power of the 
machine and soon puts it 
out of running order. 

Food must contain min- 

erals and vitamines. Muin- 
Fig. 79. The Effect of Vitamines E ; 
onarawth erals are needed by the body 


The rat at the right was fed on foods to build cells, particularly 
that contained vitamines. During the those of bone and blood, to 
same period of time the one at the left prevent certain diseases, 
was fed foods that did not contain these é 
aetai nes: such as scurvy and anemia, 


to make digestive juices 
which prepare the food for the body’s use, and in other ways 
to regulate the human mechanism. Most of our foods contain 
some minerals, but the principal supply comes from water, 
milk, and vegetables. Drinking water, as well as that con- 
tained in vegetables and fruits, carries with it minerals from 
the soil and rocks over which it passes before you use it. Since 
these minerals are a necessary, part of one’s bodily nourishment, 
your food must be selected so that you obtain a sufficient 
supply of them. 


Courtesy International Harvester Co. 


Certain substances called vitamines are necessary parts of 
a proper diet (Figure 79). Several kinds of these substances 
are known, all of which are required to keep the body growing 
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COMPOSITION OF = os MATERIALS 
ATTA : A Fuel. Value 


Protein Fat Ciskoivduates a Water he Sq, In. Equals 
WHITE BREAD 1000 Calories 


SUGAR oar 
CU ees: = Watery 


PMG) NNNINLH i . Carbohydrates: 84.5 
Fat: TUL ne oy 
Fuel value: 


810 calori 
mee aaa 


POTATO 
CORN, GREEN _Protein:22 


EDIBLE PORTION 


Fuel value: 


375 calories 
per pound 
BEEF 3 


ZOIBLE PORTION 


Fuel value: 


460 calories 
per pound 


EDIBLE PORTION hil 2 EDIBLE PORTION 
il 


i My 
PORK CHOP hile la hy i’ LAMB CHOP 


; iis 
ll é ‘ ; op roy 
y 5 53. i 
Fuel value’ i (x 


Fuel value: 


1090 calories 
1535 calories per pound 1475 calories 


per pound per pou 
BUTTER WHOLE EGS CREAM CHEESE 


Protein:1.0 Bet LhOs im __, Water!34.2 
rotein: int 
148 Init il 


Fuel ates 


3405 calories lows : 
per pound rn Behl e 


Fig. 80. Composition and Fuel Value of Foods 


Which one of these foods has the greatest fuel value? Which one has 
the highest content of protein? Of carbohydrate? Of fat? 
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and in good health. One kind, called Fat Soluble A vitamines, 
is present to a considerable amount in milk, cod-liver oil, 
butter, eggs, and vegetables like lettuce and spinach. Another 
kind, known as Water Soluble B vitamines, occurs in milk, yeast, 
most vegetables, and in cereals made of whole grains. A third 
kind, Water Soluble C vitamines, is most abundant in fresh 
fruits and vegetables. Table IV shows the presence of these 
substances in some common foods. 

The body requires a balanced diet. From the previous dis- 
cussion you see that there should be considerable variety in 
your foods. A satisfactory diet requires that you eat such 
foods as will provide the correct proportion of fats, carbo- 
hydrates, proteins, minerals, and vitamines. In addition, you 
should drink plenty of water. 

Table IV shows the composition of different kinds of food 
and their fuel value. 


Exercise 9. The standard daily field ration of the American 
soldier is as follows: 


bacon 12 oz. potatoes 20 oz. sugar 3.2 OZ. 
bread 18 oz. prunes or evaporated 

beans 2.4 02. preserves 1.28 oz. milk 5 oz. 
salt .64 oz. coffee 1.12 oz. vinegar 16 02. 
butter 50 0z. pepper 04 oz. lard .64 02, 


Explain why this is a well-balanced ration. (See Figure 80 and 
Table IV.) 


Exercise 10. Criticize these meals (Examine Table IV): 


LUNCH DINNER 
Corn soup and crackers Sirloin of beef 
Creamed potatoes Green peas 
White bread Cheese 
Butter Boiled-egg salad 
Rice pudding White bread 
Butter 
Milk 


Exercise 11. Make up a daily menu of three meals which you 
think contain a well-balanced diet for the average person. ° 
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TaBLe IV: FuEL VALUE AND ComposiITION or Common Foops 


PER- KINDS OF FOOD MATERIALS _ 
CENT- 
AGE ee 
COMPO- arbo- : 
pte Fats hydrates Protein Water 
*Butter (3515) +| Oatmeal Pork, shoulder 
Salt Pork Bread, white Eggs 
Over (3510) Rice Salmon 
50% Peas Milk 
Beans Potatoes 
Sugar Apples 
Chicken 
*Beef, rib Peanuts Cheese Beef, rib 
(1790) Peanuts Mutton, loin 
Be- |*Mutton, loin Peas Sausage, pork 
tween (1755) Cheese 
25% | Pork, shoulder Bread, white 
and (1680) 
50% | Sausage, pork 
(2065) 
*Cheese (2070) 
*Hgegs (721) Milk Beef, rib Butter 
*Salmon (965) | Potatoes Mutton, loin | Oatmeal 
Be- |*Oatmeal(1850)} Apples Pork, shoulder} Peanuts 
tween |*Peanuts (2560) Sausage, pork | Rice 
2% and|*Beans (1615) Eggs Peas 
25% |*Milk (325) Salmon Beans 
Chicken Sugar 
Oatmeal 
Bread, white 
Rice 
Beans 
Milk 
*Bread, white | Butter Butter 
(1280) Salt Pork Salt Pork 
Rice (1630) Beef zibes Sugar 
Under | Chicken (540) | Mutton, loin | Potatoes 
2% |*Peas (1565) Pork, shoulder| Apples 
Sugar (1820) | Sausage, pork 
*Potatoes(375) | Cheese 
*Apples (315) Eggs 
Salmon 
Chicken 


*Vitamines are present in considerable quantity. 
+Numbers after foods in first column indicate number of calories to the pound. 
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Water is necessary. Water is quite as necessary to the 
body as the foods which have been discussed. Though it does 
not oxidize to produce heat and energy, it does serve many 
purposes. First, it contains certain minerals which the body 
needs. Second, it helps to digest the food. Third, it makes 
it possible for digested food and blood to be carried to all parts 
of the body. Fourth, by means 
of the urine and perspiration it 
carries the waste products from 
the body, and fifth, it keeps the 
wastes of the bowels moist so that 
they can be removed. Doctors 
advise that every person drink 
at least six glasses of water a 
day. 


PROBLEM 4: WHY ARE FOODS 
Fig. 81. A Highly Magnified COOKED? 


Section of Potato : : 
+. eae Cooking improves the taste 
If a very thin slice is cut from 


a potato and placed under the and digestibility of foods. A mix- 
microscope, the cells of which it ture of flour, eggs, sugar, and 
is made can be seen. Inside of milk before being cooked is not 
the cells are oval grains of starch. aa : 
They dant be recognized bythe  *DPSUane: But when the mix- 
markings on their surface. ture is baked for a short time and 

becomes a batch of cookies or a 
cake, you would probably not pass it by. Similarly, you do 
not enjoy raw meat and raw potatoes, but a juicy roast and 
fluffy mashed potatoes satisfy the appetite. It is surprising 
what difference mere cooking makes in the taste of certain foods. 
Also by cooking, many foods may be better seasoned, and ap- 
petizing combinations of different food materials may be pre- 
pared for the table. 

Cooking makes many foods more digestible. If you ex- 
amine under a microscope the starch grains of a raw potato, 
they appear as in Figure 81. After they are cooked in boiling 
water or in the oven for a short time, they change their appear- 
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ance as shown in Figure 82. The cell walls around the starch 
grains are broken open. This allows the saliva in the mouth 
to come into more direct contact with the starch and to change 
it to sugar, which is one step in digestion. Cooking meat 
softens the fibers and tissues which hold it together. This 
allows the meat to be more easily cut and ground by the teeth 
before it is swallowed. The di- 
gestive juices in the stomach can 
then act on it more easily. 


Experiment 17: What effect does 

cooking have upon foods? 

(a) Boil a small piece of potato 
in water for about fifteen minutes. 
Compare the boiled potato with raw 
potato. What changes have taken 
place? 


h lof tato. Fig. 82. A Slice of Cooked 
ORS SEEN : Peis ier ievcaee Potato Highly Magnified 
Scrape off a very little of the potato and , i 
h : Ported td Compare this figure with 
placet escrapingsona clean glass slide. figure $1, What is the dif- 
Examine the potato scrapings under a ference between them? 
microscope. Note that the starch is in 
the form of tiny grains (Figure 81). Examine a slice of boiled 
potato under the microscope. Adda drop of iodine. How has the 
appearance of the starch grains changed? 
(c) Boil a small piece of beef in water for thirty minutes. 
Compare the boiled beef with raw beef. In what ways has it been 
changed? 


The action of heat on raw foods is brought about by five 
common methods: (1) cooking in hot water—borling or stew- 
ing; (2) cooking in the hot air in the kitchen oven or over 
a camp fire—baking or roasting; (3) cooking in the flames or 
directly over the fire—brozling; (4) cooking in hot fat or grease— 
frying; (5) cooking in steam—steaming. 

The proper use of these different methods is a science and 
an art which have been studied for many years. Much food 
is made indigestible and useless to the body by improper cook- 
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ing. The best directions for cooking are contained in good 
cook-books, which should be consulted by one who does not 
know the principles of preparing food for eating. 


Exercise 12. Consult a good cook-book to find as many impor- 
tant principles of cooking as you can, and make a list of them. 
After each give a reason for the method used. 
Your list will include the following, which are 
given as samples to show you what is wanted: 

1. The method of cooking which makes food 
most appetizing and digestible is the best method, 
because the body can then get the greatest value 
from it. 

2. Some vegetables should not be cooked for a 
long time, because the vitamines are destroyed. 

3. Some vegetables should be cooked in open 
vessels, because this allows........ (complete this 
and then add others), ete. 


Cooking makes foods safe. Germs and 


Fig. 83. The Tri- : } : 
china Worm other disease-producing organisms are some- 


If porkisnotthor- times present in certain foods. Raw oysters, 
oughly cooked, the milk, and celery have been the cause of 


worm may remain ; 2 ; 
alive and cause 2 Many deaths from typhoid fever. Raw pork, 


serious disease. which may contain small worms called tr7- 

chine (Figure 83), is always a source of 
danger. Uncooked beef may carry into the human body tape- 
worms, as well as the germs which cause tuberculosis and 
foot-and-mouth disease. Proper cooking or heating will destroy 
these harmful living things and make the food safe. 

There is another way in which cooking may make foods 
safe. Certain organisms in the food cause the food to spoil. 
During the spoiling or decay, poisons may be produced. These 
poisons, taken into the body with the spoiled foods, may 
cause what is commonly called ptomaine poisoning. Proper 
cooking of the fresh food destroys the organisms and thereby 
keeps the food from spoiling and free from poisons. The heat 
may also destroy the poisons in spoiled food, but it is not a 
' safe policy to depend upon this. 
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Exercise 13. State four reasons why foods are cooked. 


Exercise 14. Make a list of cooked foods which you eat, and 
after each state the method of cooking generally used. Which is 
the most common method? Why is this so? 


PROBLEM 5: HOW ARE FOODS KEPT FROM SPOILING? 


Foods must be protected from living organisms. Raw foods, 
whether from plants or animals, must be properly cared for 
or they begin to spoil, or decay, in a short time. Millions of 
dollars’ worth of food is wasted every year on account of care- 
less handling. To prevent this decay the food must be pro- 
tected against the living organisms which get into it and change 
its composition. This change is called decomposition, for the 
materials in the food-stuff are really broken up, forming new 
materials. These give the food a bad taste or a bad odor, and 
often cause it to become poisonous. 

How harmful organisms get into food was a mystery for a 
long time. But gradually it became known that three kinds 
of organisms may come from the air, as shown by the following 
experiment. 


Experiment 18: To show that living organisms may get 
into exposed foods. 


(a) Moisten a slice of bread. Expose it for a half-hour and 
then place it in a fruit jar or dish. Cover the jar or dish so that 
the bread will remain moist, and keep it in a warm place. Examine 
it from day to day. At the same time put into another jar a slice 
of fresh unmoistened bread. Compare the two slices of bread for 
at least a week. What do you conclude? 

(b) Make one pint of a solution of corn syrup or molasses, 
using about one-tenth as much syrup as water. Divide this into 
three portions. Place one portion in an open vessel in the ice-box. 
Put the second portion in a vessel and boil it for a half-hour; 
then cover the vessel air tight and set it in a warm place. Leave 
the third portion in an open vessel in a warm plaee. Examine the 
different solutions from day to day. Can you explain the results? 
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Usually two kinds of plant growths appear on moist bread, 
molds and bacteria. There are many varieties of each. You 
may observe at least two molds on the bread. The most 
common is the cotton-like material covered with black dots, 
called bread mold 
(Figure 84). An- 
other common vari- 
ety is the blue mold. 
If you’ examine 
these molds under 
the microscope, 
you will see that 

Fig. 84. Bread Mold they bear spore 

cups containing 

hundreds of spores (Figure 85). Each of these spores, like 
seeds, can produce a new plant when it comes into contact 
with warm, moist food, on which it can grow. Here and there 
on the bread you may see other spots where the bread becomes 
yellow or discolored, and 
pasty. Some of these are 
caused by bacteria (Figure 
175, page 200). The bac- 
teria also produce spores, 
but not in the same way as 
the molds. These spores of - -—<== 
bacteria and molds are so 
small that they may be car- 
ried in the air and thus get —_—- Fig. 85. Spore Cups and Spores of 


into our foods. As they Bread Mold 
erow and decompose the When the walls of the spore cups 


; ‘ break, countless millions of spores are 
food, it becomes foul-odored get free in the air. 


and worthless. 

While mold may appear on the warm exposed syrup solu- 
tion used in Experiment 18, there will also be seen small 
bubbles of gas rising from the solution. In time the syrup will 
smell sour. These changes are caused by yeasts. Under the 
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microscope they appear something like Figure 86. These 
plant organisms feed on the sugar and change it to alcohol 
and carbon-dioxide gas. This process is called fermentation. 
The gas causes the bubbles 
which you see. The alcohol is 
changed to vinegar (acetic 
acid), which causes the sour 
odor and taste after it has 
stood for several days. 


Exercise 15. From Experiment 
18 and your reading explain sev- 
eral ways by which foods might 


be prevented from spoiling. These microscopic plants cause 
fruits and fruit juices to ferment. 


Fig. 86. Yeast Plants 


The air is not the only 
source from which destructive organisms enter our food. They 
exist nearly everywhere. Impure water, dirty hands, and un- 


Courtesy Chicago Department of Health 
Fig. 87. A Sanitary Meat Market 


The meat is protected from decay and germ-carrying insects by being 
kept either in glass-covered cases or in refrigerators. 
clean vessels used in washing or handling food materials may 
be the carriers of the organisms which spoil food, produce poi- 
sons, and cause disease. Flies and other insects also act as car- 


106 PROVIDING A GOOD FOOD SUPPLY 


riers. It is clear that care in keeping food free from decay is 
absolutely essential to our pocketbooks and to our health. 
There are five important ways to keep food from spoiling. 
First, proper handling and storing of food are necessary. A 
few illustrations will suggest to your minds many things which 
you can do to keep food pure. Foodstuffs should be kept 
covered, particularly in the market, the restaurant, the fruit 
stand, and the home (Figures 87 and 88). In picking and 
marketing fruit or vegetables, nature’s covering, such as the 


Courtesy Chicago Department of Health 


Fig. 88. Another Kind of Meat Market 


What is wrong with the meat market shown in this picture? 


peel, or skin, or husk, should not be broken or cut. Potatoes, 
turnips, beets, and other vegetables should not be stored in 
moist, warm places. Milk should be protected by sanitary 
milking, by shipping in clean cans, by using absolutely clean 
bottles, and by pasteurization. 


Experiment 19: How is milk pasteurized? 


(a) Fill a test tube half full of milk. Place the test tube of 
milk in a beaker of water (Figure 89), and heat the beaker with 
a small flame. Take the temperature of the water in the beaker 
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and regulate the flame so that the temperature will remain at 
144°F. Heat for 30 minutes at this temperature. 

(b) Plug the tube of milk with a little cotton and set it aside. 
Fill another test tube half full of unpasteurized milk and set it 
aside with the pasteurized milk. Taste the 
milk in both test tubes every day for several 
days. Which milk remains sweet longer? 

You can pasteurize milk at home by 
using the apparatus shown in Figure 90. 
To do this you will need an iron pail fitted 

‘with a false bottom. This false bottom 
may be made by obtaining a piece of tin 
slightly larger than the bottom of the pail 
and cutting several holes through it. The 
false bottom is necessary to prevent the 
bottles from breaking. Fill the pail with 
water so that the level is about the same 
as that of the milk in the bottles, and heat 


to a temperature of 144°F. Fig. 89. Pasteurizing 
) : : : Apparatus 
Exercise 16. Make a list of different ways Why Walpeni sarin: 


by which various foods can be protected in 4:., preserve milk? 
handling and storing. 


Boiling Point 212° 


\ 
Pasteurization _\ |I 
ister 2 ! 


Second, foods may be preserved by 
cooking and canning. The bacteria, 
yeasts, and molds are killed by being 
heated to a high temperature. Thus 
fruits, vegetables, fish, and meat are 
cooked in boiling water, and while hot, 
packed in cans, or they may be placed 
2 in cans while raw, and then heated. By 

Fig. 90. either method the heat cooks the food 
Home Pasteurization and kills the germs. The cans are sealed 
with paraffin or with other air-tight 

covers to prevent new organisms from entering. This also keeps 
out air, which is necessary for growing organisms. Meats are 
often cooked (fried or roasted), placed in jars, and covered 
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with hot lard which, when cool, protects the meat from spoil- 
ing. Often sugar or salt is added to season the food and to 
help preserve it. 


Exercise 17. Consult a cook-book and give the best ways to 
can or preserve cooked foods. For example, cherries: place in 
jars with correct amount of sugar; put the jars in hot water for 
40 minutes, seal while hot, and stand jars upside down until cold. 


Third, foods may 
be preserved by add- 
ing certain chemicals 
which prevent the 
growth of organisms. 
This practice is not 
objectionable if the 
preservatives them- 
selves are not poisons. 
Sugar, spices, salt, and 
vinegar are often used 
in home canning and 
are not dangerous. 
Meats are salted in 


Keystone View Co, : 
Fig. 91. A Cold Storage Room in a brine, and smoked. In 
Packing House canning and packing 


After the animals have been ‘dressed’? houses some poisonous 
and inspected, they are hung in cold storage 


substances in t 
rooms to keep them from decaying. substances have in the 


past been used, but 
the United States Government now requires that preserved 
foods bear labels stating exactly the kind and amount of pre- 
servative contained in the food. 


Exercise 18. Make a list of all preservatives used at home. 
Exercise 19. Examine the labels of factory-canned foods. Name 
the preservatives listed and state the amount of each used. 


Fourth, drying certain foods protects them from decay. 
You recall that moisture and warmth are necessary for the 
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growth of bacteria and other organisms. You can under- 
stand, then, why dried fruit, vegetables, and meat are not 
easily spoiled. 


Exercise 20. List different foods that are dried to keep them 
from spoiling. (Ask your grocer.) 


Fifth, organisms can be kept from growing by keeping food 
at a low temperature (Figure 91.) 
In the home the refrigerator is 
used for this purpose. The air 
in the refrigerator circulates, as 
shown in Figure 92, and, as long 
as ice is present, the food is kept 
cool. Many foods must be shipped 
in refrigerator cars (see Figure 61). 
When uncanned food is stored for 
any length of time, it is kept in cold 
storage rooms. Also, many canned 
foods are placed in cold storage. 


Fig. 92. Air Currents in a 
Refrigerator 
The walls of refrigerators 
are very thick and are filled 
with materials which will not 
after you have carefully examined the allow the outside heat to 
construction of the interior. Explain enter. As the ice melts, it 


Exercise 21. Make a section drawing 
of your home refrigerator. Indicate 
the direction of air currents by arrows 


: 7 takes heat from the surround- 
your drawing. (See page 57.) t : 
y 4 pas ing air and the food. How 


Exercise 22. Make a topical outline Aneoiiselount tonsicieae 
of Problem 5, including all points that culation of air shown by the 
you consider worth knowing. arrows? (See page 57.) 


Review Exercise on Unit III. (a) Turn back to the Preliminary 
lxercises and mark those which you answered incorrectly or failed 
to answer. Answer them at the end of your original answers. 

(b) Turn to the Table of Contents of Unit III and see if you can 
give satisfactory answers to each of the problems in this unit. 
If you cannot do so, study the text until you can. 
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ADDITIONAL EXERCISES AND PROJECTS ON UNIT III 


1. Explain how your food supply is dependent upon the sun. 

2. Expose a freshly-cut apple in a warm place and cover it 
to keep it moist. How does the mold which grows compare with 
that which forms on moist bread? 

3. Why do inhabitants of Arctic regions eat so much fat? 

4. If a hard-working man were forced to live on milk for a 
time, how much milk should he drink daily to get the proper 
number of calories? (Consult Table IV, page 99.) 

5. Keep a record of the food you eat for one day. Ask your 
teacher to criticize your diet. 

6. Why is milk a well-balanced food? 

7. Place a little sugar in a test tube and heat over a flame. 
Describe what happens. 

8. Explain why solid material collects in a teakettle when 
nothing but clear water has ever been put into the kettle. 

9. How could you prove that potatoes contain a large amount 
of water? 

10. Make a list of the good eating habits which you intend 
to follow. 

11. Make a survey of your local groceries and meat markets to 
see if they use the proper methods of protecting foods which spoil 
easily. 


\ UNIT IV 
OBTAINING A GOOD WATER SUPPLY 


PRELIMINARY EXERCISES 


1. Name as many sources of water supply as you can. 
2. Make a list of the uses of water under the three headings 
given in the table below. 


Usrs or WATER 


HOME INDUSTRIAL COMMUNITY 
Cooking Making steam Cleaning streets 
etc. etc. ete. 


3. What factors would you consider in determining whether 
a town or city has a good water supply? 

4. What is the source of water in your home? How is it brought 
from the source to your kitchen? 

5. What becomes of the water which falls on the earth as rain? 

6. Describe water. 

7. A pipe 100 feet long reaches from a cliff to a spring below. 
How high will the water rise in the pipe above the water in the 
spring, if all air is removed from the pipe? 

8. Name all the different devices which you know that are 
used to distribute and regulate the supply of water in your home. 

9. Upon what does the shape of a body of water depend? 


THE STORY OF UNIT IV 


We have become so accustomed to the thousand and one 
ways in which man has improved his original environment, 
that it is hard to realize that there are only three necessities 
without which life cannot exist: air, water, and food. Studies 
which have been made of the life of primitive man show that 
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he lived in regions which were supplied with natural bodies 
of water, such as lakes, rivers, and springs. It was probably 
an accident when man first discovered that water could be 
obtained by digging in the ground. This knowledge must 
have meant a great deal to him, for it made him independent 
of streams, lakes, and springs. Until recently the shallow 
well dug by hand was the only method of obtaining water from 


Courtesy Holway Engineering Co, 
Fig. 93. A Water-Supply Reservoir 

To secure pure water for the city of Tulsa, Oklahoma, a dam was built 
across Spavinaw Creek, a stream which flows in a gravel bed from cold 
springs high up in the Ozark Mountains. The dam is 3500 feet long and 
55 feet high. It made a lake 6 miles long, holding 20,000,000,000 gallons 
of water. 
the ground, but modern machinery has enabled us to bore into 
the earth to great depths, and water may be obtained in 
regions which were formerly thought incapable of supporting 
life. The development of any region is dependent upon a 
source of water, for without it life cannot exist. 

A good water supply must provide plenty of water for all 
purposes. In country districts water is usually near at hand, 
but many cities must go long distances to get a sufficient 
amount. Table V shows the enormous quantity of water 
needed to supply certain large cities. 
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TABLE V: Water ConsUMPTION OF AMERICAN CITIES (1924) 


cITY POPULATION GALLONS FUSED DL eae 
DAILY PERSON 
Des Moines, Ia..... 140,923 11,527,142 81.8 
Kansas City, Mo... 372,200 46,932,798 126.1 
Omaha, Nebr...... 204,382 26,427,000 129.3 
Boston, Mass...... 789,900 87,680,000 Halil. al 
Los Angeles, Cal... 666,853 121,000,000 181.4 
Chicago Ultras ix: . 2,886,121 823,691,694 285.4 
New York City ....] 6,024,400 789,200,000 131 


In order to supply this enormous demand many cities 
have bought huge areas of land and have built reservoirs to 
collect the water. Others have dammed rivers, sunk wells, or 
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Fig. 94. Carrying Water from Reservoir to City 


A 53-mile pipe-line carries the water from Spavinaw Lake to Tulsa. 
The pipe is made of reénforced concrete, is 5 feet in diameter, and will 
supply 25,000,000 gallons of water a day. Notice how the line travels 
across streams and through hills. The water flows by force of gravity, 
the top of the dam being 90 feet above the city. 


tapped lakes (Figures 93 and 94). As a city increases in 
population, new sources of supply must be discovered in order 
to meet the needs of everyone. 

Many cities have an abundant supply of water, but no 
efficient method of distributing it. In order to supply all 
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parts of the city, a system of pipes, or mains, is laid, sufficient 
in size to meet the needs of the locality served (Figure 95). 
But with the increase in population and business, buildings 
are made higher and set closer together, and thus a larger 
number of people are crowded into a given district. The old 
mains, therefore, must be replaced by larger ones, capable of 
delivering a larger volume of water. The demand for water 
varies with the time of the day (Figure 96). During some 
parts of the day many systems cannot pump enough water to 
meet the require- 
ments; aS @ re- 
sult of this the 
higher floors of 
buildings cannot 
be supplied. To 
y meet this demand 

puwgsns////// erates sate many cities have 
(titi . Z constructed res- 
Fig. 95. Water-Supply System of a Small City ervoirs at high 
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The water is pumped from hs river orlakeinto points in or near 

eS et two ee carry the water from the the city. These 

supply sufficient 

water for fighting fires, and they also furnish a reserve to meet 
the needs during the rush hours of the day. 

Another requirement of a good water supply is that the 
water be pure. Water which is obtained from shallow wells 
is frequently impure because surface impurities seep into 
the well. Streams become polluted by materials which wash 
into them from the banks, or by the sewage of cities. Water 
obtained from these unsafe sources contains germs which 
are responsible for typhoid fever and other diseases. In 
cases where the source of water is unsafe, it is necessary to 
provide some method of removing the germs and other im- 
purities. 

A very desirable feature of a good water supply is that the 
water be soft; that is, it should not contain certain minerals 
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dissolved in it. Soft water is especially desirable for launder- 
ing, because it requires but little soap to make good suds. 
When hard water is used in boilers to make steam, the minerals 
remain in the boilers and form a deposit called “boiler scale.”’ 
This scale causes the boiler to heat unequally, and also increases 
the amount of fuel required to heat the water. For these rea- 
sons it 1s very desirable that the water be soft if it is used for 
home and industrial purposes. 

The efficient distribution of water and the purification 
and softening of water for drinking and industrial purposes 
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Fig. 96. Daily Pumpage by Hours—City of Chicago 


The figures of the graph represent the rate of pumping water for the 
city of Chicago on May 4, 1925. For example, at 12 noon, water was 
being pumped at the rate of 1,000,000,000 gallons per hour. 


require a large expenditure of money. Yet, to the essentials 
of a good water supply which have already been mentioned, 
we must add the requirement that it be cheap enough so that 
all can use it. Securing a good water supply is a problem 
which involves the consideration of many factors and requires 
the advice and skill of experts. One of the clearest signs of a 
progressive community is a plentiful and wholesome water 
supply as well as an efficient method of distribution. 
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PROBLEM 1: WHAT ARE THE IMPORTANT SOURCES 
OF WATER? 

Our water supply is dependent upon the rainfall. There 
are two principal sources of water supply, surface water and 
ground water. Both of these sources of supply are dependent 
upon the rainfall. When rain, or any other form of water, 
strikes the ground, one of three things may happen to it: it 
may run off into streams, lakes, or ocean; it may sink into the 


Fig. 97. Settling Basins—St. Louis, Missouri 


Water is pumped from the Mississippi river into these basins, where 
some of the impurities settle to the bottom. (See Figure 129.) 


eround; or, it may evaporate into the air. A light rain falling 
in the forest or upon grass lands may nearly all soak into the 
soil. A heavy rain falling on the same land will run off, in 
part, into nearby streams. The heaviness of the rainfall, the 
amount of vegetation, the slope of the land, the temperature 
of the air, the kind of soil upon which the rain falls, all deter- 
mine what happens to the water. We are interested in the 
part which flows into the streams and that which sinks into 
the soil, because this furnishes our water supply. 

We obtain water from many sources. Probably the most 
satisfactory source of water supply is that furnished by moun- 
tain lakes and streams. The water obtained from these 
sources is generally pure, and, if obtained from high up in 
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the mountains, it is not necessary to use pumps to bring it to 
the city and force it through the mains. New York City, 
not situated in a mountainous district, has bought over 900 
square miles of mountainous 
land and has_ constructed 
reservoirs to collect the water 
which falls upon this area. 
Rivers furnish an abundant 
supply of water, but in most 
instances it must be purified 
before it can be used. In some 
cases the water is pumped di- 
rectly from the river to settling 
basins (Figure 97) where the 
impurities are removed. In Fig. 95,8 WaterSupply Cub 
other eases wellsare sunkalong Th eb in Zake Michigan bee 
the banks of the river, and 
the water is partially purified by seeping through the soil. 
Large lakes, such as the Great Lakes, furnish an abundant 
and safe source of water if proper precautions are taken. In 
Chicago and other lake cities, cribs (Figure 98) are built out 
in the lake where the water is very deep and practically free 


Courtesy W. H. Duffney 
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Fig. 99. From Crib to Pumping Station 


How high will the water rise in the well of the pumping station? 


from impurities. Huge tunnels dug under the lake bed bring 
the water to pumping stations on the shore, from which the 
water is pumped throughout the city (Figure 99). 
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In the sources of water which we have discussed, the supply 
has been kept up largely by that part of the rain which flows 
off. The part which sinks into 
the ground furnishes another 
source of supply, which we obtain 
by sinking wells. The rain which 
soaks through the soil sinks until 
it reaches solid rock and can go 
no further. It then remains be- SS 
tween the particles of soil just GZ YUU 
above the cn This part of the V/s Wy 
soil is called the water table Fig. 100. A Section ofthe Barth 
(Figure 100). Wells are sunk Showing the Water Table 
into this water table. Since the 
water table obtains its water from the rain 
which soaks through the ground, the level 
of the water table varies at different times 
of the year. This is the reason why some 
wells become dry during the hot summer 
months. 
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Experiment 20: How does the water which soaks 
into the ground get into a well? 


(a) Fill a tumbler with small stones. Push a 
six-inch length of glass tubing down between the 
stones near the side of the tumbler to within a 
half inch of the bottom. Fill the tumbler about 
half full of water. How does the water get into 
the glass tube? How does the height of water in 
the tumbler and in the glass tube compare? 

Fig. 101. A Shal- (b) Puta piece of glass tubing ina tumbler. Fill 
low Well Correct- the tumbler full of sand, taking care that the glass 

ly Constructed 5 : AS ; 
tubing is visible from the outside of the tumbler. 

Except near the Slowly pour some muddy water on the sand. Com- 
ate ay aoe pare the clearness of the water which was poured 
made of brick ce- into the tumbler with that of the water which fil- 
mented together. tered through the sand into the tubing. 
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Exercise 1. Figures 101 and 102 show two shallow wells. Which 
furnishes the safer source of water? Why? Refer to Experiment 20. 


Deep wells furnish us with pure water. Water sometimes 
seeps into the solid-rock layer through cracks and crevices 
and enters porous layers of rock, 
like sandstone, underneath. The 
water, having passed through a 
great depth of soil, is thus freed 
from impurities. Now, if we sink a 
well by driving a pipe through the 
soil and non-porous rock into the 
porous-rock layer, water will rise oo : 
in the pipe to the level of the top —#=( 7==35=—4 
of the water table. This type of Ee=2mx 
well is called a deep well, or driven ae 
well. Wells of thistype aremuch CAZZZZZZ2ZZZ77ZZ 
more common today than those Fig. 102. A Shallow Well 
dug by hand. In addition to the Poorly Constructed 
fact that there is much less danger ia ees tale well. are 
of the water’s becoming impure, 
these wells are not so liable to go dry during the summer season. 


Fig. 103. Conditions for Producing an Artesian Well 


Water enters the porous sandstone layer where it comes to the surface. 
In one place a layer of porous rock may come to the surface, and in another 
place the same layer may be buried beneath hundreds of feet of soil or rock. 


If the water enters the porous layer at a much higher point 
than the well (Figure 103), the water may come to the surface 
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or even spout into the air when the hole is drilled (Figure 104). 
Such wells are called artesian wells. Since the water must seep 
through many miles of porous sandstone, the 
impurities are usually filtered out. Water 
from deep wells and artesian wells is, there- 
fore, usually safe for drinking purposes. 


Exercise 2. Which of the sources of water 
mentioned in this problem will best meet the 
five requirements of a good water supply for 
arural community? Explain why the sources 
which you have given for rural communities 
will not meet the requirements for a city 
supply. (See the Story of Unit IV.) 

Exercise 3. Describe the source of your 
local water supply. 


U.S. Geological Survey 
Fig.104. ArtesianWell 
eee Dakota The lift pump uses air pressure. The 
stream spouts 
100 feet into the air, wea eae Ase 
the water entering a which are used 
sandstone layer in to raise water 
the Black Hills fiom wells are a 
many miles away. ; PSs: RUSTON ROR 
called lift pumps 
because they lift the water out of 
the well. Figure 105 shows in sec- 
tion the principal parts of a lift 
pump. The prston, fitted with a 
leather washer to make it water 


PROBLEM 2: HOW DO PUMPS WORK? 
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tight in the cylinder, is moved up EMME, = ut tai 
and down by the piston rod when i 0 fy 
“ j (1 LOUIE AULT A HICH TUCO 
the pump handle is forced down and <M ST 
up. <A valve (Valve 1) is placed in ec Mane 
the shaft just below the pump Fig. 105. A Lift Pump 


cylinder. There is also a valve 
(Valve 2) in the piston. An experiment will make clear the 
construction and operation of the pump. 
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Experiment 21: How is a lift pump constructed and operated? 


(a) Obtain a glass tube one or two inches in diameter and 
twelve inches long. (A lamp chimney with straight sides will 
serve.) Fit a one-holed cork in the lower end. Cut a piece of 
rubber sheeting or oilcloth slightly larger 
than the hole in the cork. Place the rubber 
over the hole in the cork, fastening it at one 
side with a tack. This makes the lower valve 
(Valve 1, Figure 106). To make the piston 
obtain a two-holed cork slightly smaller than 
the inside of the glass tube and wrap thread 
around it until it fits snugly inside the glass 
tube. Construct a valve of rubber sheeting 
or oilcloth over one hole in the piston. Into 
the other hole force a round wooden stick 
about 16 inches long, and fasten it securely 
to the cork by means of pins, as shown in 
the figure. This forms the piston rod. Now 
fit a two-holed stopper to the upper end of 
the glass tube. The piston rod slides through 
one of the holes. Bend a glass tube six inches 
Jong into a right angle and insert this in the 
other hole. This makes the spout. 

(b) Push the piston down and pour a 
little water into the cylinder after loosening 
the upper cork. Place the cork in position 
again and pull the piston upward. Does the 
lower valve open or close? Does the valve 
in the piston open or close? Observe that 
the water follows the piston upward. (It may 
be necessary to move the piston up and down 
several times.) 

(c) The space under the piston is now filled Rees 
with water. Push the piston down. Describe 
the operation of the valves. How does the water get above the 


7 -Upper Valve 
(v2) 


he -Piston 


Fig. 106. 


piston? 
(d) The water is now above the piston. Raise the piston and 
note which valve is open and which valve is closed. How does 


the water get out of the pump? 
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You can now tell how the pump works, but can you tell why 
the water rises from the well when the piston moves upwards? 
Water does not run up-hill, nor does it rise in a pipe unless it 
is forced. 


Experiment 22: What is the force which causes the water to 
rise in the pipe? 

(a) Fit a test tube with a one-holed cork. Insert a piece of 
glass tubing about two feet long in the cork so that it will extend 
down to the bottom of the test 
tube. Fill the test tube with water 
and insert cork. Apply your lps 
to the glass tubing and try to ‘‘suck”’ 
the water up into the glass tube. 
Do you succeed in doing this? 

(b) Loosen the cork so that the 
air can get into the test tube above 
the water, and repeat. Does the 
water rise in the tube? 


The experiment shows that 
‘ water will rise in a tube or pipe 
=| suart to wet from which the air has been re- 
= moved, provided that the outside 
air can get to the water around the 
Fig.107. A Simple Force Pump pipe. ‘This experiment will give 
you a start on answering the 
question, ‘“‘Why does the water come up from the well?” The 
air pressure on the outside presses on the water in the well. 
The air presses down inside of the pump also, but it presses 
against the top of the piston and not on the water below the 
piston. The piston fits air-tight in the cylinder. When it is 
raised, it tends to leave below the piston a space which contains 
no air. The air pressure on the water in the well, thus being 
greater than the air pressure on the water below the piston, 
forces the water up from the well into the cylinder of the 
pump, just as it forces mercury into a tube from which air 
has been removed. (See page 58.) 
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Exercise 4. Make three drawings showing the position of the 
valves and the movement of the water during (1) the first upstroke 
of the piston, (2) the downstroke of the piston, and (3) the second 
upstroke of the piston. Explain each drawing, giving your reason 
for the position of the valves and the movement of the water. 


The force pump pushes the water out. When it is necessary 
to supply water at a higher level than the pump, force pumps 
are used instead of lift pumps. 
The simplest type of force pump 
is shown in Figure 107. When the 
piston is pulled upward, Valve 2 * 
closes, and water rises in the pump, 
forcing Valve 1 open, as in the lift 
pump. On the downward stroke 
of the piston, Valve 1 is closed by 
the pressure above it and Valve 
2 opens, allowing the water to be 
forced through the spout. Since 
the water flows only on the down- 
stroke of the piston, this type of 
force pump cannot be used where 
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: : Fig. 108. An Air-Dome 
a steady stream is desired. Force pune 


Exercise 5. What is the difference between the construction and 
operation of the lift pump and the force pump? 


Some force pumps throw a steady stream of water. The 
air-dome force pump (Figure 108) is a pump of this type. 
It is constructed like the common force pump, but has one 
additional part, the air-dome. As the piston moves down, 
the water is forced through Valve 2 more rapidly than it can 
flow from the small spout. The excess water is forced into 
the air-dome, pushing the air into a smaller space. When 
air is pushed into a smaller space, or compressed, it exerts an 
outward pressure. On the upstroke of the piston, Valve 2 
closes and the water continues to flow. Why? Such pumps 
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are used for small water supplies and in fire engines where it is 
necessary to force a continuous stream of water to great height. 


Exercise 6. Explain 
why the air-dome 
force pump throws a 
steady stream of 
water. 


The double-act- 
ing pump (Figure 
109) is commonly 
used in city :pump- 
ing systems and on 
fire engines. There 
are two intake 
valves, Valve 3 and 
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SC Valve 4, and two 
\ << \ : outlet valves, Valve 
WG Qo * il ‘and’ Valver:2. 


The piston moves 
back and forth 
between these two 
sets of valves, pro- 
pelled by steam, gas, 
or electric power. 
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Fig. 109. A Double-Acting Force Pump 


Note that there is water on both sides of the 
piston. The piston is shown moving to the right. 


Exercise 7. Summarize the action of the double-acting pump 
by answering the following questions: What is the position of 
each valve (that is, is it open or closed) when the piston moves to 
the right? What is the position of each valve when the piston 
moves to the left? Give your reasons for each answer. 


PROBLEM 3: WHY DO CITIES CONSTRUCT RESER- 
VOIRS AND STANDPIPES? 


When one is touring through the country by automobile or 
train, the first indication of a city or town is usually the sight 
of a reservoir or standpipe. Standpipes are constructed in 
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various ways. Some are steel cylinders with straight sides 
(Figure 110). Others are small tanks or reservoirs held up in 
the air by a steel framework (Figure 111). These reservoirs 
are filled with water from pipes which come 
from the source of supply. The kind of 
standpipe used depends upon the size of 
the city. Why are these reservoirs and 
standpipes usually located at the highest 
place in a city or town? 


Experiment 23: How high will water rise 
in pipes connected with a reser- 
voir or standpipe? 


Connect to a large pail or jar, fitted witha 
stopper through a hole in the bottom, a long 
rubber delivery tube. Place the jar on a high 
table or cabinet several feet above the level of 
the sink or open window. Close the end of the 
delivery tube with a clamp, or bend the tube Fig. 110. 
so that the water cannot flow through it. Fill 4 carenucited 
the jar with water. Attach to the end of the sg renege s 
delivery tube an upright glass tube, three- 199 foot Hick ae 
eighths or one-half inch in diameter, and 22 feet in diameter. 
long enough to reach above the level of the How many gallons 
water in the jar. The jar represents a reser- he ee 
voir or standpipe, and the delivery tube may equals oaieen Lins 
be considered a water or service pipe. 

(a) Open the pinch clamp slowly. How high does the water 
rise in the delivery tube? 

(b) Substitute for the large glass tube one of smaller diameter. 
Repeat (a). Does the diameter of the water main determine how 
high the water rises? 

(c) Substitute for the large jar a much smaller jar and repeat 
(a). Does the diameter or volume of a reservoir determine the 
height to which the water rises? 

Summarize the results of this experiment. 


Exercise 8. On the basis of Experiment 23 explain how the 
water in artesian wells (page 119) is forced into the air. 
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In some cities which have tall buildings the city reservoir is not 
Be oo to supply water to the top floors. These buildings 
generally have a small reservoir placed on 
top of the building. Wateris pumped into this 
tank by force pumps. The pipes which carry 
water to different parts of the building are 
connected with the tank so that water may 
be supplied to the top floors. 

A standpipe or reservoir keeps an even 
pressure throughout the system. When 
pumps are used to keep the water flowing 
through the mains, the water will rise to 
different levels at different times of the 
day, because the amount of water used at 
all hours is not the same. An abundant 
supply of water is especially needed in case 
of fire. Some cities which have pumping 
systems use also a reservoir or standpipe so 

Fig. 111. that an abundant supply of water is always 

ee pe eerins on hand in case of fire or a “break down” 

of pumps. Standpipes and reservoirs in 

connection with pumping systems insure a supply of water 
when it is most needed. 


Fig. 112. Diagram of a Small-City Water-Supply System 
Note the pumping station on the bank of the river. 


Exercise 9. Figure 112 is a diagram of the water-supply system 
of a small city. Copy this diagram and draw the pipes which 
connect the different parts of the system and the buildings. Show 
the direction of the water by means of arrows. 
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PROBLEM 4: HOW IS THE FLOW OF WATER CON- 
TROLLED IN OUR BUILDINGS? 

Faucets control the flow of water. In order that the water 
may not be wasted, it is necessary that we have some devices 
to turn it on and off when we use it. This is commonly done 
by means of faucets and flush-tanks. Cas 

Figure 113 shows a section of the com- 
monest type of faucet. The handle is seen 
to be attached to a screw which fits into the 
upper part of the faucet. The lower end of 
this screw is usually faced with a flat fiber | 
or leather washer. This flat washer covers Fig. 113. A Screw 
the circular opening, or seat, at the bottom. eeacet 
If the handle is turned, the washer is raised and the water can 
flow through the opening. When the faucet is turned off, the 
screw forces the leather washer down against the opening 
and the water is shut off. The handle rod usually has some 
packing of cotton twine around it. Sometimes this packing 
gets loose and the faucet leaks. Also, after a time the fiber 
washer may get worn, and the water will trickle out. In 
order to prevent this waste of water, all of the working parts 
of the faucet must be kept in good condition. 

In our houses we are careful to see that the faucets are not 
left open, but in hotels and in other public 
places much water is wasted if the screw 
type of faucet is used. To control this, 
self-closing faucets have been devised. 
Figure 114 shows a common type of this 
faucet. When the handle is turned, the 
screw causes the plunger to move up- 
ward, compressing the spring. The spring 
forces the plunger back when the handle 
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Fig. 114. A Self- ; : 
Closing Faucet is released, shutting off the water. 


Exercise 10. Figures 113 and 114 show the parts of faucets when 
they are open. Make a drawing of each type of faucet when it 
is closed. Label the parts. 
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Modern houses have flush-tanks. One of the necessary sani- 
tary devices for controlling the water supply in the house is 
the flush-tank, connected with the toilet (Figure 115). The 
flush-tank is generally located on a pipe above the toilet, but 
in some cases it is built into the 
wall. If you remove the lid of 
the tank, you see a hollow cop- 
per ball about four inches in 
diameter. This ball floats on 
the water. By pulling on a 
chain, pressing a button, or turn- 
ing a lever, the outlet valve is 
opened, and the water flows 
down into the bowl. As the 
water sinks, the copper ball sinks 
with it and opens the inlet valve, 
which is attached to the other 
end of the rod connected with 
the ball, and the water enters 


Fig. 115. A Flush-Tank and 
iy ee the tank. The outlet valve 


There are many kinds of flush- Slowly sinks back into position 
tanks. The one pictured here is and closes the opening into the 


a common variety, but all kinds 


ae bowl, and the tank fills with 
work on the same principle. 


water. The copper ball rises 
with the water, closing the inlet valve, and the tank is ready 
to repeat the operation. At times, on account of their worn 
condition or improper adjustment, these valves may not 
completely shut off the flow of water into the tank or into the 
bowl. The bowl is so constructed that all of the water does 
not flow out through the drainpipe. The water which remains 
in the bowl prevents the odors of sewer gas, which may be in 
the drainpipe from entering the room. 


Exercise 11. Make a drawing of the flush-tank showing the ~ 
position of the various parts when the float-ball is down. If you 
can remove the lid of the flush-tank in your house, do so. Operate 
the lever or chain and observe what happens inside the tank. 
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Every building should have a drainage system. Another 
problem in the control of water in the house is the removal 
of the waste water. This is a matter which is of importance, 
not only from the standpoint of convenience, but also from 
that of health. Every house which is supplied with city 
water must also have a drain- 
age system. Figure 116 shows 
the plumbing in a modern resi- 
dence. You will notice that be- 
low each bath tub or sink there 
is a curve in the pipe. This 
curve, or trap, is always full of 
water and prevents sewer gas, 
which is both unpleasant and 
dangerous, from entering the 
house. The soil pipe, which ex- 
tends above the house, prevents 
these gases from accumulating 
in the drainage system. Ex- 
amine Figure 116 and locate the 
traps and soil pipe. Sometimes 
the traps get filled with grease 
or other materials and the water Fig. 116. Plumbing in a Modern 
will not flow out. If concen- Residence 
trated lye or boiling water is Note that the water-supply Sys- 
oe tem has no connection with the 
frequently poured into the sewage system. 
drain, this grease will not ac- 
cumulate, and the water will not be blocked. In case solids 
get lodged in this trap, another remedy is used. Such a con- 
dition may be remedied by unscrewing a small plug which is 
usually placed in the lower bend of the trap, taking out the 
materials, and replacing the plug. 
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Exercise 12. Examine the drainage system of your house. Make 
a drawing of the different kinds of traps used. Make a drawing 
of the water system in your house, showing the supply system 
and the drainage system. 
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PROBLEM 5: HOW IS HOT WATER SUPPLIED IN 
THE HOME? 


A very common appliance for obtaining hot water is the 
storage tank connected with the kitchen range (Figure 117). 


SIntake 547 
‘Damper’ 


Ash 
® Box 


Fig. 117. Hot-Water Storage 
Tank Connected with 
Kitchen Range 


Obtain a bottle with the bottom cut off or a 
straight lamp chimney, fit a two-holed cork 
in one end, and arrange the apparatus as 
shown. Drop some sawdust thoroughly soaked 
in water into the tubes and also into the bottle. 
Fill the apparatus with water. 

(b) Heat one tube of the apparatus by 
moving a small flame rapidly up and down 


The storage tank is supplied from 
the water-supply system, the 
water entering at the top. A pipe 
connects the tank with a coil of 
pipes or a water-front in the stove. 
Another pipe carries the hot water 
back to the storage tank. 


Experiment 24: How is the water in 
the storage tank heated? 

(a) Obtain a straight glass tubing 
three-eighths of an inch in diameter 
and about three feet long. Bend 
as shown in 
Figure 118. 
(Straight 
tubes con- SI 
nected with EAA ia bia 
rubber tubing | |= 
can be used 
if desired.) 


—<———— 


the lower part of the tube at the corner Fig. 118. How Water 


marked +. Observe that the height of the 


Circulates 


water in the bottle is increased. Why? Note the movement of the 
water as shown by the sawdust particles. Does the cold water 
move up or down? In which direction does the warm water move? 
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Exercise 13. From the results obtained in Experiment 24 explain 
how the water is heated in the tank shown in Figure 117. When a 
hot-water faucet is opened, what happens in the tank? 


In many buildings heating coils are placed in the fire-boxes 
of furnaces to furnish hot water. These coils may or may 
not be connected with a 
storage tank. If they are | fae gy “outer” 
not connected with a tank, a 
the hot water is soon ex- Cork ineulnden 
hausted when the faucet is 
opened, because the water 
may flow through the pipes 
faster than it can be heated. 
This type of hot-water sup- > 
ply has the same disadvan- We ichser 
tage as the kitchen-range 
water supply, namely, that 
hot water can be furnished 
only when a fire is burning 
in the heater. 

The most satisfactory hot- 
water supply is obtained in < ‘ 
houses which are connected Se ] ioe 
with artificial or natural gas. ee = 
The heater usually consists Cie ie Wee 

: . Fig. 119. An Automatic Gas 

of a coil of copper water-pipes Water Mater 
surrounded by an iron jacket, 

and connected with a hot-water tank (Figure 119). The heat 
from the flame passes upward and circulates around the water- 
pipes, which offer a large amount of surface to the flame, thus 
heating the water very quickly. The gas is burned inside of 
the jacket at the base of the heating coils, and the size of the 
flame is controlled automatically. At the bottom of the 
storage tank is a copper tube, which expands when heated 
and contracts when cooled. This copper tube is connected 
with the gas supply. When the water is cold, the tube contracts 


» Hot WaterPipe 


Automatic 
Gas Regulator 


Copper Coil 


i, Pipe from 


132 OBTAINING A GOOD WATER SUPPLY 


and opens the gas valve. As the water is heated, the tube ex- 
pands and closes the valve. A small pilot-light is always left 
burning, and the heater needs no attention. With the gas heater 
hot water is always available in any quantity, and the amount 
of fuel burned depends upon the amount of water used. 


Exercise 14. Why is hot water always available when a gas 
water-heater is used? 

Exercise 15. State the advantages and disadvantages of each 
method of heating water. 


PROBLEM 6: HOW IS OUR WATER SUPPLY KEPT PURE? 


You have probably heard the old saying, ‘An ounce of 
prevention is worth a pound of cure.” In obtaining a water 


, ar 


Fig. 120. (See Exercise 16.) Fig. 121. (See Exercise 16.) 


supply this should be the ‘Golden Rule,” for our water supply 
is easily contaminated with disease germs unless the proper 
precautions are taken. There 
are three main sources of pol- . 
lution: (1) wastes from human 
beings and animals, (2) decay- 
ing plant and animal life, and 
(3) garbage. Of the three, 
wastes from human beings 
and animals are the most 
dangerous because they may 
contain germs of at least five diseases: typhoid fever, cholera, 
diarrhea, enteritis, and dysentery. 


H 
Yio 


Fig. 122. (See Exercise 16.) 
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Shallow wells which are improperly constructed or located 
are common sources of danger. 


Exercise 16. Figures 120, 121, and 122 show three possible loca- 
tions of a well in regard to the surface drainage and the under- 
ground drainage. Which of the three locations of the well is the 
most desirable? Why? 


In houses where the well is used as a source of water and 
there is no sewage system, it is necessary to construct a cess- 
pool or septic tank to dispose 
of the sewage. The cesspool INMOUSE 
is merely a hole in the 
ground, ten or twelve feet 
deep and four or five feet in 
diameter. This is usually 
lined with stones. It is in- 
tended that the solid ma- 
terials will be broken up by 
ea ancien uaids Fig. 123. A Small Septic Tank 
which together with the liq- oe er , 

: : The septic tank is located some dis- 
uid parts of the sewage will tance away from the house. 
soak into the ground. At the 
best this is a very insanitary method of sewage disposal, and if it 
is used, the cesspool should be at least fifty feet from the well, 
and its drainage should be away from the water supply. The . 
septic tank is made of concrete (Figure 123). In this device 
the solid materials are completely changed to liquid, which 
passes from one container to another, thus insuring a complete 
decomposition by the bacteria before it drains into the soil. 


GROUND SURFACE 
Re RET OE Re Fi ea a 


Exercise 17. Why is the septic tank more sanitary than the 
cesspool for sewage disposal? 


It isa very difficult problem to safeguard the water supply 
of a city, because in most instances the source of supply is 
surface water. Cities which obtain their water from rivers 
and lakes must prevent, if possible, the discharge of sewage 
and wastes into the water within certain distances from the 
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city. Most cities obtain the water upstream from where thay 
empty their sewage, but they do not always consider the 
danger to other communities located downstream. 

The purity of 
the water supply 
depends largely 
on the proper 
disposal of the 
sewage. A mod- 


Broken Stone 


xen store f/f ~~ 4 -erm and scien- 

Sand filtration // ’ ot tifie method of 

fo ad ; disposal is to 

Fire sereon Pumping ff YG@ collect the sew- 


age into very 
large basins or 
septic tanks, 
where the sew- 

Fig. 124. Sewage Disposal Plant of a Large City age is partially 
The sewage is carried by buge pipes _ the ae broken down by 
wo the aérator where they ave sprayed into the air bacteria, treat: 
and filtered through the broken stone. From there ed with a chem- 


they pass to the settling tank, and finally are filtered ical, such as 
in the sand bed. 


Clear Water —? : 


hypochlorite of 
lime, and then drained into the soil or into a stream. Another 
method is shown in Figure 124. 

As a measure of precaution the water supply should be 
regularly tested. Most cities make daily or weekly tests 
of their water supply, and in case exceptionally large numbers 
of disease-producing bacteria are present, the water is treated 
chemically, and people are warned to boil the water before 
drinking it. The State Board of Health also maintains a labora- 
tory, and an analysis of water is made free or at a small cost. 


Exercise 18. Why is the problem of sewage disposal in a city 
much more complicated than in a rural home? 

Exercise 19. How is your local water supply safeguarded 
against pollution? 


KEEPING THE WATER SUPPLY PURE 135 


yy PROBLEM 7: HOW IS WATER PURIFIED? 


If you live in a city which obtains its water supply from a 
river, you have perhaps wondered how the muddy water in 


Purnpiog 
B Station 


From Compton's Pictured Encyclopedia. Courtesy F. E. Compton & Co,, Publishers. 
Fig. 125. A Sand Water-Filter for a Large City 


The layers of sand and gravel are made very thick so that the water 
trickles through very slowly. 


’ 


the river can be made fit for drinking. The water in the river 
may contain all sorts of impurities, such as decayed animal and 
vegetable matter, sewage from towns along 
the banks, and disease-producing germs. 
Yet this water may be made fairly safe. 
Perhaps the commonest method of re- 
moving impurities from water is filtration. 


Experiment 25: How is water made pure 
by filtration? 


Tie a cloth over the bottom of a lamp chim- 
ney and support it on a tumbler (Figure 126). 
Pour in some coarse sand to make a layer 
about two inches thick. Now pour in fine sand 
within an inch of the top. Makea mixture of Fig. 126 
muddy water and pour it in at the top of the Be ve reoruatatie 
chimney. What change takes place in the water? 
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Figure 125 shows a type of sand filter commonly used by 


many cities. 


Standard Filter Co. 


Rigee27.2 Ae Milter 
for Home Use 


The larger of the 
two tanks is a cooler 
and storage tank. 
Figure 128 shows a 
sectional view of 
the smaller tank, 
which contains the 
filter proper. 


Analysis of the water shows that soil particles 


and practically all disease-producing germs 


are removed by this process. 


Figures 127 


and 128 show a filter which may be used in 


the home. 


In this filter the water is forced 


by the pressure in the water system through 
a porous poreclain tube which removes all 


impurities. 
Another practi- 
cal method — of 
purifying water is 
storing it in a res- 
ervoir for several 
weeks. Suspended 
impurities, suchas 
soil particles,slow- 


ly settle to the 
bottom and the 
water becomes 


clear (Figure 129). 
This does not 
mean that the 
water is yet pure, 
the 


for clearest 


water may contain millions of dis- 


ease germs. 


But because the reser- 


voir is uncovered, the germs are de- 
stroyed by the sunlight and by the 


oxygen dissolved 
(Figure 130). 


Certain 


water 
bacteria in 


in the 


the water also help to decompose 
some of the decaying material and 
to destroy some of the disease pro- 


ducing germs. 


TTT 


Filterin 
Tube : 


\ == 
= 
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Fig. 128. Sectional View of a 
Home Water-Filter 


From this tank, shown at 
the right in Figure 127, the 
filtered water passes into the 
tank on the left, where it is 
stored and cooled. 


In cities where the water as it comes from its original 
source 1s very muddy, it is necessary to purify it by another 
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method. Experiment 26 on page 138 will show you how this 
may be done. 


Courtesy St. Louis Department of Public Utilities 
Fig. 129. Cleaning a Settling Basin 


This is one of the settling basins shown in Figure 97, after it has been 
in use for three months. Note the enormous amount of mud which has 
settled from the water and which the workmen are removing. In some 
places it seems to be ten or twelve feet in depth. 


Courtesy New York City Board of Water Supply 


Fig. 130. An Aérator—New York City Water Supply 


The water is kept continually spraying into the air so that by means 
of sunlight and air, bacteria may be killed, and the water may dissolve 
more oxygen. 
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Experiment 26: How can muddy water be cleared? 


Fill two small bottles with muddy water. Put a small quantity 
of alum solution in one bottle. Allow the two bottles to stand, ob- 
serving the changes in appearance of the water in each bottle. After 
twenty-four hours have passed, note which bottle contains the 
clearer water. 


The alum causes the minute particles of soil to come together 
and form larger particles. These larger particles sink to the 
bottom of the container. As they sink, they carry with them 
many of the bacteria present. In large 
cities the water is treated with alum and 
later filtered or treated with chemicals. 

In cases where the water supply is badly 
contaminated, some other method of killing 
the disease-producing germs must be prac- 
ticed. In some cities this is done by putting 
a small amount of chlorine gas, or bleach- 
ing powder, into the water. The chlorine 
gas or bleaching powder kills the germs. 
These materials are objectionable in that 
they give the water a peculiar taste if they 
are used in large quantity. Another way of 
making sure that the water is free from disease-producing 
germs is to boil it for half an hour. 

In order completely to remove the germs as well as all other 
impurities water is distilled. 


Fig. 131. Distillation 
Apparatus 


Experiment 27: How does distillation remove impurities 
from water? 


Construct an apparatus as shown in Figure 131. Fill the flask 
one-fourth full of muddy water containing two or three teaspoon- 
fuls of salt or sugar, and some ink. Heat the flask. When the 
water commences to boil, reduce the size of the flame so that it 
will boil slowly. Note the drops of water which collect in the 
delivery tube and in the test tube. Examine the water in the 
test tube. Taste it. Is it pure? 
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Exercise 20. What two changes take place when water is distilled? 
(See pages 38 and 47.) In Experiment 27 why are the impurities 
left in the flask? Why does the water have a “flat taste’? 

Exercise 21. Which of the methods or combination of methods 
listed in Problem 7 is the most practical for purifying water supplies 
of large cities? For purifying home water supplies? 

Review Exercise on Unit V. (a) Turn back to the Preliminary 
Exercises and mark those which you answered incorrectly or failed 
to answer. Answer them at the end of your original answers. 

(6) Turn to the Table of Contents of Unit V and see if you can 
give satisfactory answers to each of the problems in this unit. If 
you cannot do so, study the text until you can. 


ADDITIONAL EXERCISES AND PROJECTS ON UNIT IV 


1. Why is it often necessary to “prime” a pump, that is, pour a 
little water in the cylinder, when it has not been used for some time? 

2. In Unit II you learned that the air pressure is approximately 
15 pounds per square inch. If a cubic inch of water weighs .0362 
pound, how many feet will water rise in a pipe below the piston of 
the pump from which all of the air is removed? 

3. In a driven well which is very deep the piston must be 
placed deep in the ground. Why? Make a drawing showing the 
location of the different parts of a pump in a deep well, and explain 
how the water is brought to the surface of the ground. 

4. Why are fire engines which use double-acting force pumps 
usually equipped with an air dome? 

5. Make a list of the possible causes of a leaky faucet, and 
state how you would remedy them. 

6. What parts of the flush-tank are most likely to get out of order? 

7. Why do some wells and springs go dry at certain seasons? 

8. Mountainstreams usuallyfurnish a pure water supply. Why? 

9. Why is cistern water sometimes dangerous to drink? What 
impurities may it contain? 

10. How can the crew of a ship prepare fresh water out of sea 
water? How does nature do it? 

11. A housewife finds that water flows with greater force from 
the faucet at midnight than at midday. Explain. 

12. Explain why water flows more rapidly from a faucet on 
the first floor of a house than from one on the third floor. 


UNIT V 


KEEPING IN GOOD PHYSICAL CONDITION 


PRELIMINARY EXERCISE 


Write a composition entitled “Keeping Physically Fit.” Tell all 
you know about your own body and how you should take care of it. 


THE STORY OF UNIT V 


In whatever climate and under whatever weather condi- 
tions we live, our first problem is that of keeping well, for both 
our efficiency and comfort depend upon our health. It is said 
that a Chinaman pays his doctor to keep him well, and that 
the doctor’s pay stops when he gets sick. Whether or not 
this is true, it is not a bad idea, for an ounce of prevention in 
matters of health is worth a pound of cure. 

Our present indoor life makes the problem of keeping well 
more complicated than it was in the days when man spent 
most of his time outdoors. Buildings and houses must be 
properly heated and ventilated in order to assist in keeping 
the human machine in its best condition. A large proportion 
of our population do no hard physical work. This makes it 
necessary for them to obtain their exercise after work hours. 
Sompetition in the business world has so increased that man 
must keep incessantly “on the job” in order to succeed. This 
speeding up of life in the modern world has resulted in a greater 
strain on the human body and has required us to pay careful 
attention to our bodily needs. : 

The human body consists of many systems which work 
together harmoniously (Figures 74, 132, and 136). Each has 
a special work to do. For example, the body is supported by a 
framework of bones, known as the bony system. Attached 
to the bones, which make up the skeleton, are muscles, com- 
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Fig. 132. Systems of the Human Body 
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posing the muscular system, which enables us to move our 
arms, legs, fingers, head, and ribs. In addition to these parts 
of the body whose movements we can see, there are other 
internal parts such as the stomach, intestines, and heart, 
which also are moved by the action of muscles. The duty of 
the digestive system, which consists of the teeth, stomach, and 
intestines, is to prepare the food so it may be used by the body. 
A special system is required, however, to carry the food to 
the different parts of the body. This is the duty of the ezr- 
culatory system, which consists of the heart, blood vessels, and 
blood. Oxygen is necessary to obtain energy from the food. 
The respiratory system, which consists of the lungs and air 
passages, secures this oxygen from the air and also throws off 
certain wastes which are formed when the foods combine 
with oxygen. Here again the circulatory system must carry 
the oxygen to the cells and the wastes away from them. 

Other wastes from the foods and broken-down cells are 
eliminated by the excretory system, which includes the intestines, 
kidneys, liver, and skin. You can see that every system of 
the body must be in good working order, because every part 
of the body is dependent upon every other part. Of course, 
in a complex machine of this kind there must be some con- 
trolling foree which will direct the activities of the different 
parts. This is the work of the brain, spinal cord, and nerves, 
which make up the nervous system. 

In the different systems mentioned above are many organs, 
each of which has some special part to play in the body. For 
example, the stomach and intestines are organs, each of which 
has a particular use in the digestive process. The organs 
themselves are also made of different kinds of material called 
tissues. Muscles, bones, glands, nerves, and tendons are all 
tissues, and each has a definite work, or function, to perform. 

If the tissues are examined under a high-power microscope, 
it is found that they are composed of very small parts called 
cells (Figure 133). The cell is the smallest unit into which 
living material can be divided, and for this reason it is 
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called the structural unit of living matter. The cells might 
be compared to the grains of sugar which make up a cake of 
loaf sugar. They differ, however, from the grains of sugar 


Fig. 133. Cells of the Human Body 


(a) Muscle cell of the stomach; (b) Nerve cell; (c) Epithelial cells from 
tongue; (d) Cartilage cell; (e) Goblet cell from intestines; (f) Ciliated 
cells from bronchial tube. 


in that there are many different kinds of cells in the body, 
each of which has a special work to do. 

To keep the cells, tissues, organs, and systems in good 
condition so that there will be good teamwork is the problem 
of keeping well. Three kinds of material, each in the proper 
amount, are essential to one’s physical well-being—pure food, 
pure water, and pure air. To understand how these materials 
are used by the body and how to take care of the various parts 
of the body which prepare these materials for use, makes for 


proper living. 
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Two other necessities which are intimately connected with 
healthy living are proper exercise and rest. Exercise helps 
get rid of undesirable wastes in the body and also assists the 
various organs of the body in their work. Rest and sleep 
give the body time to rebuild and repair the cells which are 
broken down. 

Keeping physically fit is thus a matter which is largely 
within the control of every individual. It consists in practicing 
healthful habits of living. To know what these habits are and 
the reasons for them, and then to practice them day by day 
until they become a part of us will enable us to live longer and 
more comfortably. 


PROBLEM 1: WHAT BECOMES OF THE FOOD YOU EAT? 


Digestion changes food to a liquid form. You already know 
that the food you eat is changed into body material or is used 
for supplying energy. Since the food must be transported to 
all parts of the body by the blood, it must pass through the 
walls of the digestive organs to the blood. This ean take 
place only if the foods are in the form of a liquid. Since 
most of the food we eat is solid, it is necessary to change it to 
the liquid state. Dzgestion has for its purpose the changing 
of foods from a solid to a liquid state so that they may pass 
through the walls of the digestive organs and be carried to the 
different parts of the body. 


Experiment 28: How can solids be changed to liquids? 


(a) Adda pinch of salt or sugar to a test tube half full of water, 
and shake. Hold the test tube up to the light. What has become 
of the solid?) When a solid mixes with a liquid so that the particles 
are no longer visible, the solid is said to be in solution: that, is, 
the solid has dissolved. ew N 

(b) Drop a small piece of limestone or marble about the’size of 
u pea into a little water and shake it. Does it dissolve? Add 5 
c. ¢. of hydrochloric acid to the water. Notice the small bubbles 
of earbon-dioxide gas which are formed. Allow it to stand until the 
next day. What finally becomes of the limestone? 
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From the first part of the experiment you see that sugar or 
salt will dissolve if it is placed in water. There are many ma- 
terials which dissolve in this manner. Not all materials, how- 
ever, will dissolve in water. Limestone, for example, is not 
soluble in water. One might think that the limestone dis- 
solved in the acid, but this is not the case. The acid acted 
upon the limestone and produced a chemical change in it. 
When a material is changed chemi- 
cally, it becomes a new material. The 
hydrochloric acid combined with the 
limestone and produced carbon- 
dioxide gas, which passed off into the 
air and left a new substance called 
calcium chloride. The calcium chlo- 
ride is soluble in water; so it dissolv- 
ed and disappeared. Digestion is 
accomplished in our body in a 
similar way. Various digestive fluids 
are found in the digestive organs. 
These fluids dissolve our foods or 
change them into new materials which 
will dissolve. 

The digestive process begins in the 
mouth. The feeth perform the first 
act in the process of digestion. They : ie 

: Fig. 134. Longitudinal 
are so constructed that they can tear, Section oa Tuolk 
grind, and cut the food. When the 
foods are ground up, they may be easily penetrated by the 
digestive fluids of the mouth, stomach, and intestines. In 
order that the food be thoroughly mastzcated, one must eat 
slowly. This has two values: it reduces the food to small 
bits, and it also stimulates the flow of the digestive fluids. 
Both of these actions result in more thorough digestion. 

Figure 134 shows a longitudinal, or lengthwise, section of a 
tooth with its parts labeled. When the outside enamel, which 
is very hard, is worn off, the softer parts on the inside soon 
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decay. This decay is caused by the action of certain bacteria 
which form an acid from the bits of food left between the teeth. 
To prevent this, it is necessary to clean the teeth thoroughly 
after each meal. It is well worth while to have a dentist 
examine the teeth once or twice a year to detect spots which 
are decaying and which may be filled before they are large 
enough to cause pain or loss 
of the tooth. The teeth are 
necessary for proper mastica- 
tion of food, and as such they 
should be carefully guarded 
against decay. 


Exercise 1. Enumerate several 
foolish practices which people 
do to or with their teeth, such 
as picking them with a pin, etc. 
After each tell why it is a foolish 
practice. 


Parotid 
Gland 


Blood Vessels — During mastication the food 
is mixed with a fluid called 
saliva. This is manufactured 
in the salivary glands (Figure 


135) and is forced into the 


Submaxillary / Sublingual 
Gland Gland 


Fig. 135. The Salivary Glands 


There are three pairs of salivary 
glands: the parotid glands lie under 
each ear, the submaxillary glands 
lie below the two halves of the 
lower jaw, and the sublingual glands 
lie under the tongue. 


mouth through ducts. It has 
two uses: first, it moistens 
dry foods, like crackers, so that 
they may be easily swallowed; 
second, it digests the starch. 


You remember that foods like potatoes contain large quan- 
tities of starch. This starch must be digested before it can 


pass through the walls of the intestines. 


This digestion is 


partially accomplished by the saliva. 


Experiment 29: What effect does saliva have upon starch? 


(a) Drop a small piece of starch about half the size of a pea in 


a test tube half full of water. 


Shake the tube vigorously. Does 
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it dissolve? Test the contents of the tube for sugar (Experiment 


16, page 88). 


(b) Add some saliva to a second test tube containing starch and 
water. Place the tube in a beaker of water, and keep the tempera- 
ture of the water at 100°F. for twenty minutes. Test the contents 


of the tube for sugar. 
starch? 


Proteins are di- 
gested in the stom- 
ach. After the 
food is thoroughly 
masticated and 
moistened with 
saliva, it passes 
back through the) 


What effect does the saliva have upon the 


mouth into the { cat gs 
esophagus, which) «., Diaphragm 
opens into the Bladder cena 
stomach (Figure liver aces 
Pancreas— a 


136). The stomach 
(Figure 137) is a 
pear-shaped mus- 
cular organ with a 
capacity of from 
three to five pints. 
Its inside wall is 
covered with a thin 
membrane which 
contains the gastric 
glands. ‘The gastric 
glands manufac- 


Small. 
Intestine 


Large — 
Intestine 


Vermiform 
Appendix 


Fig. 136. The Digestive System in Man 


Note the position of the various organs. 


ture gastric juice, which aids in the digestion of proteins. 


Experiment 30: What effect does gastric juice have upon proteins? 

(a) Artificial gastric juice can be prepared by mixing one-half 
gram of pepsin (which can be obtained at any drug store) with 
2 ¢.c. of hydrochloric acid and 50 c.c. of water. 
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(b) Boil an egg in some water. Cut the white of the egg into 
small bits, or press it through a wire gauze. Add a small portion 
of this to the artificial gastric juice, and keep the temperature at 
about 100°F. for two or three hours. What effect does the gastric 
juice have upon the egg? 

“(c) Repeat (b), using the same amount of egg and artificial 
gastric juice, and shake the test tube often. Compare the results 
obtained with those obtained in part (b). What effect does 
shaking have upon the rate of digestion? 


The action of the gastric juice on the foods is assisted by the 
muscles of the stomach. 
Whenthesemuscles contract, 
they become shorter and 
thicker; when they relaa, 
they become longer and 
narrower. By alternately 
contracting and relaxing 
they keep the contents of 
the stomach in motion and 
thus mix the foods with 
the gastric juice. 
Digestion is completed 
in the intestines. The 

Observe the folds of muscles on the 
inside walls. Turn to Figure 136 to contents of the stomach are 
see where this organ is located, emptied into the small in- 
testine, which is a coiled 
tube about twenty-two feet long. Here the food is further 
mixed with intestinal juice, with bile which comes from the liver, 
and with pancreatic juice, which is manufactured by the pancreas 
(Figure 136). These juices complete the action of dissolving 
digestible parts of the food. Most of the food is absorbed 
through the walls of the small intestine by the blood (Figure 138). 
Some of the food, both digested and undigested, together 
with the digestive juices, passes into the large intestine (Fig- 
ure 136). Dissolved foods are absorbed here, while the undi- 
gested food is gathered and passed out of the body, or excreted. 


Fig. 137. The Stomach 
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The bowels must move regularly. It is most important 
to our health that undigested food be excreted. (See page 
91.) The lower part of the intestines contains many ~bac- 
teria, which change 
some of these waste 
materials into poi- 
sons. These poi- 
sons are taken up 
by the blood and 
produce a bad ef- 
fect on the whole ee 

Vili — 
body. They fre- |. a 
quently cause dull, | ; . 
sick headaches. In 
order to prevent 
this, the intestines 
should be evacua- 
ted at least once 
aday. In case this 
does not happen 
naturally, drink a 
glass of water when you retire at night, and also when you 
get up in the morning; eat more fruit, vegetables, and coarse 
foods, such as bran bread, and in most cases relief will be 


eo 
~ Blood Vessels 


Fig. 138. A Cross-Section of the Small Intestine 


The villi are small projections in the intestine, 
which absorb the digested food. 


obtained. 
Exercise 2. Write a story telling the experiences of a piece of 
bread from the time you eat it until it is changed into part of 


your body. 


PROBLEM 2: WHAT BECOMES OF THE AIR YOU BREATHE? 


The air is a mixture of colorless gases. It is hard to realize 
that material may be invisible. Yet you live in an ocean of 
air composed of colorless gases. Chemists have very accurately 
determined what these gases are and the quantity of each, 
as shown by the table on the next page. 
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TaBLE VI: APPROXIMATE COMPOSITION OF AIR 


Oxygen 21% Carbon dioxide 04% 
Nitrogen 78% Water vapor Varying amounts 
Argon 94% 


Unfortunately the air you breathe is not always pure. It 
may contain smoke, dust particles, or disease germs. These 
dust particles may be seen by means of a simple experiment. 


Experiment 31: How can the dust particles in the air be made visible? 


Select a room which has windows on the south. Choose a day 
when the sun is very bright and pull down the shades so that the 
room will be quite dark. Now pull 
one of the shades aside so that a 
thin streak of sunlight can enter 
the room. Observe the path of the 
sunlight through the darkened room. 
What do you see? 


If these dust particles enter the 
lungs, they may lodge in the lung 
tissues and cause serious trouble. 
Of course, one cannot always 
choose the kind of air he breathes, 
but he can, to some extent, prevent 
the entrance of these particles into 
Fig. 139. The Turbinate - his lungs if he breathes properly. 
Bones in the Nose One should always. breathe 
The air passes around the through the nose. There are two 
turbinate bones and therefore entrances through which air can get 
comes in contact with a large. 
surface of moist membrane, to the body: the mouth and the 
nose. The proper way to breathe is 
through the nose. Inside the nose are many fine hairs which act — 
as a sieve in sifting out some of the larger dust particles. The 
actual surface of the inner nose is very great because of the pro- 
jection of the turbinate bones (Figure 139) which extend into the 
passage. These bones are covered with a thin, moist mucous 
membrane. As the air passes over this membrane, dust particles 
and germs are caught by the sticky surface. This membrane 


Turbinate Bones 
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-also contains many blood vessels, and the heat which escapes 
from them serves to warm the air before its entrance into the 


TRACHEA 


Fig. 141. Exchange of Food and 
Waste Products in the Body 


Fig. 140. The Lungs The blood vessels divide into 


tiny capillaries. The food and 


The branches of the bronchi oxygen pass through the walls 


end in tiny air sacs. These air of the capillaries to the cells, and 
sacs are surrounded by many the waste passes from the cells 
small blood vessels. into the blood. 


body. The necessity of always breathing through the nose is 
apparent. Mouth breathing not only looks bad, but it per- 
mits the impurities in the air to enter the lungs, thus increas- 
ing the likelihood of disease. 


The oxygen enters the blood in the 
lungs. From the nose, the air passes 
into the pharynx (Figure 74, page 85), 
then down into the windpipe, or trachea 
(Figure 140). The trachea divides into 

: ——1 two branches, the bronchi, when it 
be idles ee reaches the lungs. The bronchi divide 

Adrop of blood contains and sub-divide until the branches are 
about 50,000,000corpuscles. extremely small. These air passages 
are lined with mucous membrane containing thousands of tiny 
blood vessels. Some of the oxygen in the air passes through 
the membrane into the blood vessels, and combines with the 
red corpuscles (Figure 142). These corpuscles carry the oxygen 
to all parts of the body, where it is gradually given up to the 
cells (Figure 141). In exchange for the oxygen, the cells give 
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up carbon dioxide, which is a waste material formed when the 
food combines with oxygen. 

If you examine the blood vessels in your arm, you notice 
that the blood appears blue. If, however, one of these blood 
vessels is cut, the blood which you see is red. Why is this 
true? To understand this you must know more about the 
circulation of the blood. While the blood is in the lungs, some 
of the material in the red corpuscles combines with the oxygen 
and produces a red substance which gives the blood its color. 
The blood then flows back to the heart, where it is pumped 
all over the body. As the corpuscles give up their oxygen, 
the color of the blood changes to blue. The blood vessels 
which you see through the skin contain blood which has given 
up its oxygen. This blood goes back to the lungs, where it 
gives up its carbon dioxide, obtains a fresh supply of oxygen, 
and is again pumped over the body. 


Exercise 3. Why is “blue” blood never scen outside the body? 


That carbon dioxide is given back to the air in the lungs, you 
can see by the following experiment. 


Experiment 32: How does the air which is expelled from the lungs 
differ from the air which enters the lungs? 


(a) Take the temperature of the air inthe room; 
then breathe on the thermometer. Result? 

(b) Blow your breath against a cold window- 
pane. What do you see? 

(c) Place a lighted candle in a wide-mouthed 
bottle (Figure 143), cover with a glass plate, and 
note how long it burns. Now fill the bottle with 
water and arrange it as shown in Figure 144. 

Blow into it through the rubber tube until it is 
britain oe full of expired air. Place a glass plate under the 

iments. mouth of the bottle and then invert it so that the 

mouth of the bottle is up. Light a candle, slide the 
glass plate to one side, and lower the candle into the bottle, imme- 
diately covering the mouth of the bottle with a glass plate. Note 
how long the candle burns. Compare the time it burns in expired 
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air with the time it burns in ordinary air. (Remember that burn- 
ing is caused by oxygen.) How do you account for the results? 

(d) Heat a small piece of charcoal in a flame until it glows red. 
Then quickly drop it into a dry bottle and cover it with a glass 
plate. Wait until the charcoal “goes 
out,” and then pour a little limewater 
into the bottle and re-cover with the 
glass plate. Shake the bottle vigor- 
ously for a minute or two and note 
that the limewaterturns milky. This 
is the chemist’s test for carbon diox- 
ide. Pour a little limewater into a 
bottle of ordinary air and shake it. 
Does it turn milky? What does this Fig. 144. Apparatus for 

5 : Experiment 32 

show? Now insert a glass tube into the 
limewater and blow through it for several minutes. How do you ac- 
count for the change in the limewater? 


Your experiment shows you that expired air is different 
from ordinary air in four respects: (1) its temperature is 
higher; (2) it contains more water vapor; (3) it contains less 
oxygen; and (4) it contains more carbon dioxide. Breathing, 
therefore, is of value not only in furnishing the cells with 
oxygen but also in reducing the body temperature and in 
getting rid of wastes. 

Deep breathing is necessary. Since breathing is such an 
important process, it is necessary that all parts of the breath- 
ing mechanism be kept in good order. Probably one of the 
most important health habits which one can acquire is the habit 
of deep breathing through the nose. If deep breathing is not 
practiced, part of the lung surface is not used. As a conse- 
quence the unused parts are readily attacked by disease germs. 
To prevent shallow breathing one must stand and sit erect. 
The clothing around the chest and waist should be loose 
enough so that it will not interfere with the elevation of the 
ribs, which takes place when air enters the body. Plenty of 
exercise, which results in deep breathing, insures that all parts 
of the lung surface are in use. 
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Proper ventilation secures fresh air. Another important 
condition in keeping the breathing mechanism in good order is 
proper ventilation of our buildings. Ventilation accomplishes 
two results: it brings in fresh air, and gets rid of the air which 
has been changed by breathing. When possible, the air should 
come into the room through several small openings rather 
than one large opening. That is, in a room having several 
windows, some should be raised slightly at the bottom and 
others lowered slightly from the top. This will prevent strong 
drafts. Especial attention should be given to sleeping-rooms. 


Experiment 33: How may you use the windows in a room to 
secure the best ventilation? 


(a) Obtain a wooden. box about 1 foot by 6 inches by 6 inches. 
Remove one side of the box. Bore two small holes about one- 
half inch in diameter in each end of the box. 
One hole should be at the bottom and one 
at the top, as shown in Figure 145. Each 
hole should then be stoppered with a cork. 

(b) Remove the cork from one of the 
holes near the bottom of the box. Light 
Fig. 145. Ventilation Box a candle about three inches long, and place 

ADPATS IS it in the center of the box. Place a glass 

Gummed labels may be : : 
used to hold the glass Plate securely against the open side of the 
plate against the box. box. Note how long the candle burns. 

(c) Repeat (b), removing the cork from 
different holes until you find the best way to ventilate the box. 
You can determine this by noting the length of time the candle 
burns and the size of the flame. 


Exercise 4. Write out the following statements, filling in the 
blank spaces. 


The air which enters the bosly. has the following impurities which 
are removed in the nose: (a) C1. 4... (O) pant. Reeds, It also 
contains...4..5. U4... , Which is necessary for the burning of the wie in the 
body. When the air passes into the lungs, the blood takes... © from 
IUPEDAG  feaheteM OPK eas ho ee nS Sets ass The temperature of ane air from 
the lungsiis. 2.02 than that of the outside air, and there is also more 
a ptecccuitee See present. 
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Exercise 5. Complete the following statement, using the best answer: 

Deep breathing is necessary because: 

1. It enables us to exercise more vigorously. 2. It makes us breathe 
faster. 3. It develops our lungs. 4. It prevents disease. 

Exercise 6. At least 30 cubic feet of air per person should be 
furnished in a room every minute. How many cubic feet of 
air are necessary in your school room every hour? How many 
times an hour should the air in the room be changed completely? 


PROBLEM 3: WHY IS PLENTY OF EXERCISE AND 
REST NECESSARY? 


Exercise of the proper kind has a beneficial effect upon every 
process in the human body. For this reason everyone should 
take some exercise every day of his life. It is better to exer- 
cise out-of-doors, because there is a more plentiful supply of 
fresh air, and because of the beneficial effect of sunshine. 

Hard mental work should be followed by light exercise. 
Exercise is particularly necessary for the brain-worker. When 
one studies hard, an increased supply of blood is sent to the 
brain, which diminishes the quantity in the stomach, muscles, 
and other parts of the body. Exercise sends the blood to 
these parts of the body and thus restores the circulation of 
the body to normal. It is therefore desirable to follow hard 
study with some light exercise. 


Experiment 34: What effect does exercise have upon the rate at 
which the heart beats? 

(a) When your heart pumps blood into the arteries, a wave of 
blood is sent through them. In order to count the number of 
heartbeats per minute it is only necessary to find a place where 
there is an artery close to the surface of the body. This can be 
found in the wrist or behind the ear. After you have been sitting 
still for some time, find out how many times your heart beats 
per minute by taking your pulse. 

(b) Take some light exercise and again count your pulse. 
How do the results obtained while you are quiet differ from those 
taken immediately after exercise? 
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When one exercises, the heart beats faster and the blood 
circulates more rapidly. More oxygen and food are thus 
carried to the cells, and the wastes of the cells are removed 
more rapidly. These changes which take place as the result 
of exercise keep the whole circulatory system in good working 
order. 

Exercise helps us get rid of waste materials. Everyone 
marvels at the endurance of runners in long-distance or mara- 
thon races. This endurance is, of course, the result of long 
continued training. With exercise, the rate of breathing 
increases, and by breathing correctly, we can use our lungs 
to their fullest capacity. This enables us to obtain a sufficient 
supply of oxygen to meet the increased rate of blood flow and 
also to get rid of the wastes formed as a result of the rapid 
burning of food and the destruction of body cells. 

Another very important result of exercise is the increase 
in the amount of perspiration poured on the skin. Perspira- 
tion contains some of the body wastes, and thus the skin is 
one of the important organs of excretion. The kidneys and 
ivver are also organs of excretion, and they are frequently over- 
worked, especially if we eat large quantities of protein food. 
(See page 91.) Exercise, by increasing the amount of per- 
spiration poured on the skin, thus helps the kidneys and liver 
in removing body wastes. 

Rest and sleep are also necessary to keep the organs of the 
body in good condition. Long-continued brain or muscular 
work makes us feel tired. During work of this kind the cells 
are broken down and need rest or sleep, which will give them 
time to repair themselves. It is frequently restful to change 
the kind of work being done, as this calls into play the action 
of different muscle and nerve cells, thus permitting the blood 
to carry away the waste materials which have accumulated 
and allowing the overworked cells to rest. There is, however, 
no substitute for rest and sleep. 

Exercise 7. Write a paragraph comparing the effect of exercise 
and sleep upon different parts of the -body. 


WHY SHOULD WE BATHE? 
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PROBLEM 4: WHY SHOULD WE BATHE? 


Bathing removes wastes from the skin. 


You are aware 


that when you exercise vigorously, perspiration from the 


sweat glands (Figure 146) is poured on the skin. 


This process, 


however, is going on continuously, even when you sleep. 


The sweat glands take waste 
materials from the blood and 
pour them out on the skin. 
Some of these waste materials 
are solid and some are liquid. 
In order to prevent the pores 
from clogging up with the ac- 
cumulation of solid materials 
from the perspiration and dirt 
from the outside, it is neces- 
sary that you bathe frequent- 
ly. Hot water and soap are 
required to cleanse the body 
thoroughly. 

Bathing affects the circula- 
tory system. In taking baths 
you must consider the effects 
of different kinds of baths 
upon the body. Hot baths 
open up the pores and in- 
erease the perspiration. They 
also cause the blood vessels 
near the skin to expand so 
that the body loses heat faster. 


Fig. 146. Sweat Glands in the Skin 


The skin is divided into two 
layers, the epidermis and the der- 
mis. The sweat glands and blood 
vessels are in the dermis. 


When the skin is in this condition, one is very liable to “take 


cold.” 


For this reason a hot bath should be followed by a 


very short cold bath. This will close the pores and drive 


the blood to the inner parts of the body. 


The cold bath 


should be followed immediately by a brisk rub with a coarse 


towel. 


This causes a second reaction of the blood vessels, 


: : es ys ess 
and the skin again becomes pink, or “glows. 
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Bathing of the sort just described is very valuable, not only 
from the standpoint of cleanliness, but also from its effect 
upon the blood vessels. The blood vessels have circular 
muscles which regulate the flow of the blood (Figure 147). 
When the muscles of the blood vessels in the skin contract, 
the blood is sent to the inner parts of the body. When these 
muscles relax, the blood vessels become larger and more 
blood passes through the skin. In this way the body heat. is 
automatically controlled, since, 
when a large quantity of blood 
flows through the skin, heat 
is lost, and when the blood 
is sent to the inner parts of 
the body, heat is saved. In 
order to keep the body tem- 
perature constant it is neces- 
sary that these changes in the 
size of the blood vessels take 
place very rapidly in response 
Fig. 147. Cross-Section of an Artery to a given change of outside 

Observe the thick muscular walls. temperature. Hot and cold 
baths give these muscles con- 
stant exercise and thus keep them in good condition. 

Baths should be taken at the proper time. The time for 
taking baths is also worthy of consideration. Baths should 
never be taken immediately after meals since they draw the 
blood away from the digestive organs and thus interfere with 
digestion. A hot shower bath followed by a shorter cold 
shower is an excellent way to start the day because of the 
good effects upon the circulatory and the nervous systems. 
During the hot summer months sponging off the body with 
cold or tepid water is a good way to secure sound sleep. 


Exercise 8. Why should one always bathe after hard exercise? 
Exercise 9. Explain how a hot bath immediately followed by 


a cold bath has nearly the same effect upon the body as hard 
exercise. 
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PROBLEM 5: WHY SHOULD WE NOT USE ALCOHOL 
AND TOBACCO? 

Alcohol lowers the resistance of the body. Keeping in 
good physical condition results in making the body cells strong 
enough to resist the action of disease germs. — It also keeps the 
different organs in the body in good working order. Perhaps 
the most serious effect of alcohol upon the body is the lowering 
of its resistance. This makes it easier for the germs to attack 
the body and cause serious or fatal illness. Mortality records, 
or death records, of life-insurance companies furnish informa- 
tion for determining the effect of alcohol upon the resistance 
of the body. Many studies of this kind have been made. 
One company reports that 40 per cent of the policy applicants 
are rejected for causes connected with the use of alcohol. 
Another company, which divides its policy-holders into 
“drinkers” and ‘“‘non-drinkers,’’ shows the following mortality 
in the two groups: Out of the number of deaths expected 
among the non-drinkers during a period of 40 years, 71.54 
per cent died. Of those who drank, 94 per cent died. This 
gives clear evidence that the use of alcohol shortens one’s span 
of life. 

How does alcohol lower the resistance of the body? To 
answer this question we must examine its effect upon different 
parts of the body. Probably the most noticeable effect of 
alcohol is its action upon the blood vessels in the skin. A 
small amount of alcohol causes these blood vessels to enlarge, 
and hence the body loses heat rapidly. This loss of heat 
requires the body to oxidize more food to make good the loss. 
Thus the body is overworked. A second effect is this: Small 
quantities of alcohol have been found to increase the flow 
of the gastric juice, but this increase is always followed by a 
decrease in the flow after the stimulation has worn off; in time 
the gastric glands cease to work without the presence of alcohol 
or some other stimulant. A third effect of alcohol is its action 
upon the muscle cells of the heart. These cells may be changed 
to fat, and thus the heart, which is really a pump, cannot force 
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the blood through the body at the proper rate. This destruc- 
tion of the vital cells and their replacement by fat take place 
in many parts of the body. It is, therefore, easy to understand 
how alcohol lowers the resistance of the human body. 

Alcohol affects our daily work. Employers have recognized 
for years that men who are habitual users of alcohol are not 
so efficient in their work as men who do not use alcohol. Rec- 
ognition of this fact has led many employers to draw up rules 
prohibiting the use of alcohol during work hours. Others 
have gone still further in refusing to employ men who use 
alcohol at any time or in any amount. This is particularly 
true of railroads, where the lives of thousands of people de- 
pend upon the clear-headedness of their employees. 

Many experiments have been carried on to determine the 
effect of alcohol upon one’s ability to work. One such ex- 
periment was carried on with a group of typesetters. The 
results showed that even one ounce of alcohol per day was 
sufficient to reduce by 10 per cent the amount of work done. 
Another experiment determined the effect of alcohol upon 
one’s speed in responding to certain stimulations. The person 
sits at a table with his finger on a telegraph key. A light 
is flashed and he releases the key. The time between the sig- 
nal and the release of the key-is measured. This is called the 
reaction time. The experiment showed that the reaction 
time was decreased if the test was made immediately after 
the alcohol was taken, but if made some time afterwards, the 
reaction time rose much above normal. Reaction time is 
very important when a quick decision is needed, as, for example, 
in avoiding a collision with an automobile or in running ma- 
chinery of any kind. Since alcohol finally results in increasing 
the reaction time, it is easily seen that it slows up one’s rate 
of work. 

Accuracy is very important in many lines of work. An 
experiment somewhat like the one previously reported indi- 
cates the effect of alcohol upon accuracy. The person is 
seated at a table with each hand placed on a telegraph key. 
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If a white light appears, he is to press one key, and if a red 
light appears, he is to press the other key. Tests have shown 
that a small amount of alcohol caused the keys to be released 
more rapidly than before alcohol was taken, but the person 
tested released the wrong key much more frequently than 
before. This effect of alcohol in making the individual more 
liable to quick and unconsidered judgments is ont of the omic 
causes of the decrease in efficiency. 

Alcohol lowers moral standards. Human society through 
countless generations has built up standards of conduct and 
ideals of right and wrong. The individual has also developed 
will power and the ability of self-restraint. This ability is under 
the control of the highest center of the nervous system, the 
brain. One of the first effects of alcohol is to dull or paralyze 
this nerve-center, and the individual loses the qualities which 
distinguish him from the savage. A person under the influ- 
ence of alcohol will do and say things which he will not do or 
say when he is in full possession of his senses. In the occa- 
sional drinker, this dulling of the sense of right and wrong is 
only temporary, but there is always the grave danger that its 
use will become habitual. The result of such long-continued 
habit is a complete breaking down of the refinements which 
modern civilization has made, and moral degeneracy results. 

Tobacco is especially | armful to growing boys and girls. 
The effect of tobacco ups the human system has also been 
a subject of investigation by scientists. Their findings have 
shown that it is especially harmful to young people. Most of 
the states have recognized this by passing laws which prohibit 
the sale of tobacco to minors. Not only is the use of tobacco 
an offensive habit, but experiments have demonstrated that. 
the average scholarship of tobacco-users in schools and colleges 
is lower than that of students who do not use tobacco. 
Colleges and high schools which are leaders in athletics have 
also found that the use of tobacco interferes with the efficiency 
of their athletes, and have prohibited the use of tobacco by 
the members of their athletic teams. In general, experiments 
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have shown that tobacco has at least three bad effects on the 
human body: (1) it interferes with the growth of the heart 
and produces a weakened condition known as ‘‘tobacco heart”’; 
(2) it interferes with the respiratory system by irritating the 
delicate membranes of the throat and lungs; and (8) it inter- 
feres with the action of the digestive juices. These findings 
indicate that the tobacco habit is decidedly injurious. 


PROBLEM 6: HOW CAN YOU TAKE CARE OF YOUR EYES? 


Our eyes contribute more to our happiness and our success 
in life than any of the other sense organs. If they are not 
properly cared for, such 
neglect may not only 
result in defective sight 
but may also affect the 
nervous system, causing 
headaches and a general 
decline in health. <A 
knowledge of how to 
take care of the eyes is 
dependent upon an un- 


derstanding of how they 
Fig. 148. The Eye work. 
This is what the eye would look like 
if cut in halves from front to back. 


Sclerotic coat ~ 


How our eyes are con- 
structed. If you could 
see a section of your eye, it would appear as shown in Figure 
148. This “ball of your eye” is really ball-shaped. It is set 
in a bony socket and further protected by the eyelids and 
eye-lashes. Muscles are attached to the eyeball so that. it 
can be turned easily and quickly in different directions. 

A study of the structure of the eye will help you to under- 
stand how it works. Starting on the outside you find a tough 
outside coat around the entire eyeball, except where the 
optic nerve leaves at the back. This coat, called the sclerotic 
coat, is white in color, except in the central part of the front 
of the eye, where it is transparent. This transparent part is 
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called the cornea. It is the window through which light can 
enter the eye. The white part around the cornea is often 
called the “‘white of the eye.” 

Inside the sclerotic coat is a second covering called the 
choroid coat. This has a circular opening in front, directly 
back of the cornea. The part of the choroid coat around this 
opening looks much like a circular curtain, and is called the 
aris. The color of this curtain varies, giving different colors 
to different eyes. The iris is controlled by small muscles so 
that the opening can be made smaller or larger. The opening 
is called the pupil. Its size governs the amount of light which 
can enter the eye. 

The inside coat of the eye is called the retina. This is the 
sensitive part. It receives the light which enters the eye and 
produces the picture. It acts much like the film or plate of 
a camera. Many small branches of the optic nerve end in 
the retina. These nerve endings are affected by the light, 
and send their sensations to the brain, making a mind-picture 
of the objects and colors seen. 

Directly back of the iris is a transparent lens, shaped some- 
thing like a burning-glass or the lens in a camera (Figure 148). 
Since it bulges out on both sides, it is called a double convex 
lens. It is made of soft material, and its shape is readily 
changed by means of muscles attached to it. The muscles 
can make it thinner or flatter and thicker or rounder, as neces- 
sary. The space behind the lens is filled with a transparent 
jelly-like substance called vitreous humor. This keeps the 
eyeball round. Between the cornea and the lens is a, clear 
liquid called the aqueous humor. 

How we see. When we see an object, it is because that 
object is sending light to our eyes. The light from the sun, 
an electric light, or some other light-giving body may come 
directly to the eye or be reflected from some object. When 
the rays of light from the object enter the eve, they pass 
through the lens, which bends them, changing their direction 
before they strike the retina. 


164 KEEPING IN GOOD PHYSICAL CONDITION 


Experiment 35: How is the direction of light changed by a 
double convex lens? 


(a) Obtain a burning glass or a reading glass which is a double 
convex lens. Darken the room and light a candle. Hold the 


Fig. 149. How a Double Convex Lens Acts 


Note that the rays of light which pass through the lens are bent, and 
are thus brought to a focus. 


lens a foot or two in front of the candle (Figure 149), and then 
hold a piece of paper back of the lens so that a distinct image of 
the candle will fall on the paper. The candle is then said to be in 
focus. Note how far back the paper is from the lens. 

(b) Repeat (a), holding the lens more than a foot or two in front 
of the candle. How far back of the lens must the paper be held to 
get a distinct image? 

From this experiment you see that objects close to a lens 
come to a focus farther back than objects far away from a lens. 
Since the retina upon which the image comes to a focus in 
the eye is always the same distance back of the lens, the eye 
must have some method of bringing the rays of light from dis- 
tant and near objects to a focus. This is accomplished by 
changing the shape of the lens. 


Experiment 36: How does the shape of the lens change the 
focus of the rays? 


(a) Obtain two double convex lenses, one more convex than 
the other. 

(b) Place a candle two feet in front of the flatter lens and bring 
the candle to a focus on a piece of paper held behind the lens. 
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(c) Repeat (b) with the second lens, keeping the candle the 
same distance in front of the lens. How do the distances between 
the lens and the paper differ for the two lenses? 


Hy—Choroid Wall From the experiment you see 

Se ley i CiliaryMuscle | that the more convex the lens, 
ie the closer the focus will be. 

‘Ligaments The muscles which hold the 


lens of the eye are attached to 
the choroid coat (Figure 150). 
When these muscles contract, 
the pull on the lens is lessened, 
and the lens becomes thicker 
or more convex. When the 
muscles relax, the choroid 
coat goes back into place and 
(Ciliary Muscle pulls on the lens, making it 


Fig. 150. Attachment of the Lens 
to the Choroid Coat Peet 


The muscles are between the 
choroid and sclerotic coats. Short- 
ening of the muscles pulls down the 
choroid coat. 


flatter. You can now un- 

derstand how the eye can 

bring far and near objects 

into focus. When an object 

a NOSSO MANE Ayia ate Near and Far Objects 
image would tend to fall : : 

: In the upper drawing, the object 
back of the retina. In order _ js near the eye and the lens is convex. 
to prevent this, the muscles In the lower drawing the object is 
contract and make the lens nae bee from the eye and the 

ens is less convex. 
more convex so that the 
image will come to a focus on the retina. By changing the 
pull on the lens, the muscles are therefore able to change 
the convexity of the lens so that the image will always fall 
upon the retina (Figure 151). 


Fig. 151. How the Eye Focuses for 
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How to avoid eye strain. If you study or read for too long 
a time, you are conscious of a sense of eye strain. This is 
due to the fact that the muscles holding the lens must be kept 
contracted so that the page will stay in focus. This fatigues, 
or tires, the muscles, causing a strain. Usually this can be 
avoided by looking up occasionally and focusing the eye on 
some distant object so that the muscles will relax. Too bright 
a light or too dim a light also causes eye strain. When possible, 
the light should come from the left side so that the shadows 
cast by the right hand will not fall on the work. 

Some eyes are defective. Often the eyes themselves are 
so defective that they will not focus properly for far and near 
objects. Defects of this kind can only be remedied by the 
use of glasses. If you are unable to see both far and near objects 
distinctly or if sometimes objects appear blurred, you should 
go to a good oculist and have your eyes examined. 


Exercise 10. Far- and near-sightedness are sometimes caused 
by the size of the eyeball, which may be too long or too short. 
Is the eyeball too long or too short in near-sightedness? In far- 
sightedness? Prove your answer by making a drawing something 
like Figure 151. 

Exercise 11. Glasses are worn to correct the defects of near- 
sightedness and far-sightedness. Convex glasses bring the focus 
closer to the lens; concave glasses throw the focus back farther 
from the lens. Which type of glasses would correct near-sighted- 
ness? Far-sightedness? 

Exercise 12. Write a paragraph entitled “‘How I can take care 
of my eyes.” 


PROBLEM 7: WHAT CAN YOU DO IN CASE OF ACCIDENT? 


Very few people pass through life without coming into con- 
tact with a situation in which they need a knowledge of first 
aid to the injured or sick. Of course, a doctor is necessary 
in a great many cases, but doctors are not always on the spot, 
and in most instances a great deal can be done before the 
doctor arrives. 
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Cuts and scratches should be treated. Perhaps the simplest 
case of first aid is presented by injuries due to cuts or scratches. 
These are not often dangerous, but sometimes the smallest 
cut or scratch may cause death. For this reason they should 
be treated. The first thing 
to do is to make them 
bleed so as to wash out any 
germs which might infect 
them. This is done by 
squeezing them well at the 
sides. If the wound is 
then painted with iodine 
and covered with a piece of 
antiseptic gauze, no danger Fig. 152. Stopping a Bleeding Artery 
of infection will follow. In 
case the wound is serious, the clothing should be removed 
from around it, and the wound exposed to the air. If the 
wound is bleeding freely, it should be bandaged tightly with 
antiseptic gauze, and a doctor should be called at once. 

In case of a cut artery bleeding must be stopped. In some 
cases the blood may come in jets or spurts. This shows that 
an artery has been cut, and it is necessary to check the blood 
flow immediately. Pressure therefore should be applied to 
the artery between the wound and the heart. In case the 
injury is in an arm or leg, this can be done most effectively 
by tying a knot in a handkerchief and laying this over the 
artery (Figure 152). Insert a stick through the bandage and 
twist it so that the knot will apply pressure to the artery, 
and thus stop the bleeding. Loosen the bandage occasionally 
to see if the bleeding has stopped, because if it is kept tight- 
ened too long it will cause trouble. In cases of this kind a 
doctor should be summoned as quickly as possible. 

Bruises and sprains should be treated with cold applica- 
tions. Bruises and sprains may also be treated by first aid. 
Bruises should be treated by placing something cold on them. 
A cloth which has been wrung out in cold water is usually 
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sufficient. In cases of sprain, cold applications are also desir- 
able. Severe sprains should be treated by a physician. 
Drowning and suffocation demand artificial respiration. 
The body must always be able to take in good air and get 
rid of bad air. Inability to do this causes suffocation. When 
a person has been under water for some time or in a room 


Courtesy U. S. Bureau of Standards 
Fig. 153. Artificial Respiration 
This method of artificial respiration may be used not only in drowning 


and suffocation, but also in cases of severe electric shock where uncon- 
sciousness has resulted. 


containing poisonous gases, breathing stops. These persons 
frequently can be brought back to consciousness by helping 
them to breathe. The American Red Cross textbook on 
First Aid and Relief Columns gives the following directions: 


The patient is laid on the ground, face down. The arm may be 
stretched out at full length over his head, or one arm may be 
bent so the forehead rests upon it. In either case the face must 
be placed slightly to one side so that the ground will not block 
off the air from nose and mouth. As soon as the patient is in 
proper position, the operator kneels at one side, or astride the 
body, but without resting his weight upon it (Figure 153). The 
palms of his hands are placed on the short ribs across the small of 
the back, with the thumbs nearly together. The operator, by let- 
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ting his weight fall on his wrists and by bending his body forward, 
decreases the size of the chest and the air is expelled from the 
lungs. The pressure is then released by the operator swinging 
backward; the elastic chest springs out to its original size, and 
the air is drawn into the lungs. The movement is at the rate of 
twelve to fourteen a minute. Better time with a watch.......... 
Whatever the method of artificial respiration used, it should be 
kept up for at least an hour and a half. 


Injuries due to heat and cold need special treatment. 
Another class of injuries which need special attention are 
those due to heat and cold, such as burns and scalds, sun- 
stroke and frost-bite. Burns and scalds should be treated 
by excluding the air. Vaseline, olive oil, cream, or a thin 
paste made of baking soda can be used. The burn should 
then be lightly bandaged. Except in cases of severe burns, 
a doctor is not necessary. In cases of sunstroke a doctor 
should be sent for at once, and in the meantime the patient 
should be treated by rubbing cold water or ice over the face, 
chest, neck, and arm-pits. The object of such treatment is 
to reduce the body temperature. In cases of frost bite the 
frozen part should be brought back to normal temperature 
slowly. This may be done by rubbing the affected part with 
snow or cold water, and then gradually use warm and warmer 
water. 

Foreign bodies in the eye must be removed. ' Sand, cinders, 
or particles of dust in the eye cause a great deal of pain. In 
removing them, the first thing to remember is not to rub the 
eye, because such rubbing may injure some of the delicate parts. 
If the eye is closed and the tears allowed to accumulate, the 
object will frequently be washed out. Or the upper lid may 
be pulled down over the lower several times. Sometimes if 
the nostril on the opposite side is closed and the patient blows 
his nose very hard, the desired result will be secured. If this 
does not remove the object, have the patient look up, press 
the lower lid down, and examine the lower surface. If the 
object is seen, wipe it off with the corner of a clean handker- 
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chief or with a piece of cotton. To remove objects under the 
upper lid, have the patient lean back in a chair, place a pencil 
across the upper lid, and turn the lid back over the pencil. 
The patient should look downward. 


Exercise 13. Write a paragraph on first aid to the injured for 
each of the injuries mentioned in this problem. 


Review Exercise on Unit V. Turn to the Table of Contents of Unit 
V and see if you can give satisfactory answers to each of the 
problems in this unit. If you cannot do so, study the text until 
you can. 


ADDITIONAL EXERCISES AND PROJECTS ON UNIT V 


1. Place a piece of cracker in your mouth and chew it for sev- 
eral minutes. Why does the cracker become sweet? 

2. Make a list of as many chemical changes as you can. 

3. Make a drawing of your mouth, showing the number of 
teeth you have. 

4. Examine the different figures of this unit and list the organs 
of the body that are shown. Describe after each organ its loca- 
tion in the body. 

5. It is not a good plan to exercise vigorously immediately 
after eating. Why? 

6. Examine a camera; state in what respects it is like the eye. 

7. Why are lenses used in cameras and motion-picture machines? 

8. Make a set of health rules which you will try to follow. 
Consider all points you have learned in this unit. 

9. Make a drawing of your sleeping room, showing the position of 
the bed, windows, and doors. Explain how you ventilate your room 
at night. 

10. Determine your rate of breathing per minute: (a) while stand- 
ing, (b) while lying down, (c) after strenuous exercise. How do you 
account for any differences in the rates? 


UNIT VI aon 
SELECTING AND CARING FOR OUR CLOTHING 


PRELIMINARY EXERCISES 


1. Why do you wear heavy clothes in winter and light clothes 
in summer? 
2. Of what materials are your clothes made? 
3. What difference is there in the fur of animals living in cold 
regions and those living in hot regions? Think of specific animals. 
4. How and where is cotton grown? 
5. How is cotton made 
into cloth? 
6. How is wool obtained? 
7. How is the fiber from 
flax made into cloth? 
8. How are spots on 
clothing commonly removed? 
9. How are clothes laun- 
dered? 
10. Make alist of as many 
kinds of cloth as you can. 


THE STORY OF UNIT VI 


The kind of clothing 
which people wear depends 
to a great extent upon the 
climate. Of course, there 
are great differences in the a 
cut and style of clothes, Fig. 154. African Drum-Beaters 
which have no relation to 
climate, but even the prevailing fashions follow the dictates 
of Mother Nature. In regions where it is hot the year round, 
as in parts of Africa, the chief characteristic of clothing is 
its seantiness (Figure 154). In the land of the Eskimo heavy 

al 
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furs and hides are the prevailing mode (Figure 155). In our 
own country, where the climate changes from season to season, 
a great variety of clothing is worn. 

Clothes are necessary to protect our bodies from the heat 
and cold. You all know that the temperature of the healthy 
human body is al- 
ways the same. It 
varies somewhat in 
different persons, 
but it is approxi- 
mately 98.6°F. At 
this temperature 
our bodies feel most 
comfortable and 
can work most effi- 
ciently. The body 
is like a gasoline 

Courtesy Pathé Films engine: it will not 
Fig. 155. An Eskimo Hunter deliver its full power 


Compare his clothing with that of the African when it is too hot 
drum-beaters in Figure 154. 


or too cold. When 
you go out on cold days, the body must be sufficiently cov- 
ered so that the heat produced inside you cannot escape. 
Otherwise the body may get chilled. On hot days the prob- 
lem is to wear clothing which allows the body heat to escape 
and which will not absorb too much heat from the outside 
air. Selecting the proper kind of clothing and clothing ma- 
terials to adapt oneself to changes in climate depends on one’s 
knowledge of the different materials and on common sense. 

If you go into a dry-goods store or look in the windows of 
a big department store, you see all kinds and colors of mate- 
rials from which clothing is made. If you ask the names of 
the different kinds of goods, you will hear such words as dimity, 
organdy, mohair, crépe de Chine, swiss, lawn, crash, serge, 
worsted, linen, velvet, velour, satin, cashmere, tweed, voile, 
calico, and many others. All of these different kinds of cloth, 
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or fabrics, are made from four kinds of raw materials, or fibers: 
wool, silk, cotton, and flax. We can go still further and 
classify the fibers as either animal or vegetable fibers. Wool 
comes from sheep, silk is spun by the silkworm (Figure 156), 
cotton grows on the cotton plant 
(Figures 157 and 158), and linen is 
made from the fibers of the flax 
plant. Fabrics may be woven from 
a single raw material, or they may 
be a mixture of different materials. 
The different kinds of cloth are 
due to differences in weave and to 
the kinds of fiber they contain, but 
each may be classified as wool, silk, 
cotton, linen, or mixed goods. 
Each kind of material has certain 
properties which make it valuable 
for use as clothing. For our sum- 
mer clothes we use one kind of ma- 
terial; for our winter clothes we use 
another. Clothing worn next to the 


: i Courtesy Corticelli Silk Co. 
skin must also have different prop- Fig. 186. Cocoon of the Silk- 


erties from clothing worn as outer worn 
garments. In addition to the fibers The worm spins around its 
which are used to make clothing, body this cocoon made of fine 


: : ilk fibers. 
two other materials are in general ™ ate 


use, rubber and leather. By the use of these materials we 
secure added warmth and protection for our clothing and 
bodies on rainy days. Thus by varying the kind of clothing 
worn, we can successfully adapt ourselves to hot and cold as 
well as to wet and dry weather. 

Fibers may be distinguished from each other, because each 
has certain physical and chemical properties. Each kind of 
fiber possesses certain characteristics which identify it if it is 
examined under a high-power microscope. This is probably 
the surest test, although there are others that may be used. 
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Some fibers absorb water or oil more rapidly than others; this 
test may be used to distinguish them. Experts can generally 
tell the kind of fiber by the feel of the cloth. Tests like those 
described above are called physical tests. Vegetable fibers 
can be distinguished very easily by burning them or by treat- 
ing them with certain chemicals, as you will find in a later 


Courtesy International Harvester Co. 


Fig. 157. Harvesting the Cotton Crop 


Cotton ripens slowly and not all at once; so the fields have to be gone 
over several times during a period of two or three months. 


experiment. Cotton cannot be distinguished from linen by 
a chemical test because they are both composed of the same 
elements: carbon, hydrogen, and oxygen. Silk is composed 
of carbon, hydrogen, oxygen, and nitrogen; and wool con- 
tains the same elements as silk, with the addition of sulphur. 
Because of their different composition, these fibers can be 
distinguished by chemical tests, that is, by seeing how different 
chemicals act upon them. 

Economy, sanitation, and our own pride demand that we 
keep our clothes clean and in good condition. You probably 
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have never thought that there is science in “washing clothes,” 
but if you watch some one “do a washing” you will see many 
things which will puzzle you. You know that different chem- 
icals, such as washing soda and borax, are used, but do you 
know why? Some clothes are washed in very hot water and 
may be rinsed in cold water, but 
others must be washed in warm water 
and rinsed in water of the same tem- 
perature. Some clothes may be 
rubbed vigorously on a washboard, 
while others should not be. By mak- 
ing good soapsuds the labor required 
to get the clothes clean is greatly re- 
duced, but different kinds of soap 
must be used for different fabrics. 
The method of washing clothes de- — a 
pends upon the chemical nature and — Stes Tnternational Harvester 


the kinds of fibers which make up veer Cover SO. 
the cloth. At the right of the boll is 


: h d about 
Spots and stains usually cannot to hae pods prant Fegey 


be removed by the ordinary laun- 

dering process. In cleaning of this kind it is first necessary 
to determine the kind of stain. One must know whether it is 
grease, ink, paint, mildew, blood, grass, or rust, and each kind 
of stain must be removed by a different method, depending 
upon the chemical nature of the stain and of the fiber. 


PROBLEM 1: HOW DOES CLOTHING KEEP 
US WARM OR COOL? 


The body must regulate its temperature. During the sum- 
mer time when it is very warm, the clothing must help the 
body get rid of heat and also keep the heat of the air from 
warming the body. During the winter it must prevent the 
loss of heat. The body itself has several methods of keeping 
its temperature constant, but sometimes the heat-regulating 
mechanism of the body is interfered with by the clothes we 
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wear. We must, therefore, first understand how the body 
regulates its temperature. 

Heat and energy are produced in the body by the combina- 
tion of oxygen with the food which one eats. (See page 85.) 
The amount of heat produced depends upon the quantity of 
heat-producing foods which are eaten and upon the amount 
of oxidation which takes place within the body. On very hot 
days when one exercises vigorously more heat may be pro- 
duced than is necessary to keep the body at the correct tem- 
perature (98.6°F.); consequently, the body must get rid of 
some of its heat. You have already seen that under such 
circumstances the blood vessels in the skin get larger, and° 
greater amounts of blood flow through it. (See page 158.) If 
the body is warmer than the surrounding air or clothing, some 
of its heat changes to radiant energy (see page 40), and the 
body thus loses heat. We say that the body loses heat by 
radiation. The amount of heat changed to radiant energy de- 
pends upon the difference between the temperature of the 
body and that of its surroundings. When the blood vessels in 
the skin are dilated, that is, when the muscles are relaxed, 
more blood flows through the skin, and more heat is changed 
to radiant energy. 

The body is also cooled by passing on some of its heat to 
the clothing and air. 


Experiment 37: How does the body give up heat? 

(a) Obtain a piece of metal. Allow it to remain in the room 
long enough to have the same temperature as the air in the room. 

(b) Touch the piece of metal with your finger. Does it feel cold 
or warm? 
The metal is at a lower temperature than the body. Heat 
therefore passes from the body to the metal. The particles 
of which the metal is composed are able to pass this heat 
along to the other particles, that is, to conduct the heat. The 
metal feels colder than other objects in the room, such as the 
table, because the metal conducts heat away from the body. 
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Likewise, air and clothing in contact with the body conduct 
heat away from the body if they are at a lower temperature. 

A third way in which the body loses heat is by pouring per- 
spiration on the skin. (See Figure 146, page 157.) Part of 
this perspiration evaporates directly from the skin, and part 
is absorbed by the clothing and then evaporated. 


Experiment 38: What effect does evaporation of a liquid have upon 
the temperature of the body from which it evaporates? 


Take the temperature of the room. Tie a small piece of cotton 
around the bulb of the thermometer. Dip the bulb of the ther- 
mometer in some water which is at room temperature. Remove 
the thermometer from the water and allow it to stand for one 
minute. Note the temperature. Read the next paragraph and ex- 
plain it on the basis of this experiment. 


It requires heat to change water or any liquid toa gas. The 
perspiration which is given off through the skin changes to 
water vapor, and the heat necessary to make it do this is 
taken from the body, which is thereby cooled. 

Under certain conditions water evaporates quickly, and under 
other conditions it evaporates slowly. The rate at which it 
evaporates can be measured by the cooling effect. The follow- 
ing experiment shows the effect of air currents and the amount 
of water in the air upon the rate of evaporation. 


Experiment 39: Upon what does the rate of evaporation depend? 


(a) Repeat Experiment 38 and note the number of degrees 
change in temperature. 

(b) Fan the thermometer which has the wet cotton on the bulb. 
Note the temperature and compare with the results obtained in 
(a). What effect does the movement of the air have upon the 
rate of evaporation? Remember that the greater the evapora- 
tion, the greater will be the cooling effect. 

(c) Pour water into a test tube to a depth of one-half inch. 
Cork the test tube tightly and allow it to stand until the next day. 
The air in the test tube will be saturated with water vapor. On 
the next day insert a thermometer in a one-holed cork which will 
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fit the test tube. Tie a small piece of cotton around the bulb and 
moisten it. Then quickly remove the cork from the test tube and 
insert the cork containing the thermometer. Push the bulb of 
the thermometer down into the water and record the temperature. 
Then raise the thermometer until the bulb is in the saturated air. 
Allow the thermometer to stay in this position for one minute and 
then read the temperature. Compare the temperature change 
with the results obtained in (a). What effect does the presence 
of a large quantity of water vapor in the air have upon the rate 
of evaporation? 


The rate of evaporation from the body is increased by con- 
tact of the body with a current of air; it therefore loses heat 
much faster than when it is surrounded by still air. This 
explains why you become chilled when sitting in a draft or 
wind after exercising. When the air is very humid or full 
of water vapor, evaporation takes place very slowly. Under 
such conditions the body cannot lose much heat by evaporation. 


Exercise 1. Explain how the body automatically keeps its 
temperature at about 98.6°F. 


Clothing assists the body in maintaining an even tempera- 
ture. The rate at which the body loses heat by conduction 
and radiation and by the evaporation of perspiration can be 
largely controlled by the selection of the proper kind of under- 
wear and outer clothing. In the summer time underwear 
must be made of materials which will absorb the perspira- 
tion quickly and which will lose it rapidly. Cotton and 
linen possess these characteristics and therefore make satis- 
factory summer underwear. Silk also absorbs water quickly 
and loses it rapidly, but its high cost prevents general wear. 
The outer clothing in the summer must also lose its moisture 
quickly, because if it does not, the layer of air between the 
inner and outer clothing will become saturated with water and 
prevent evaporation from the skin. Outer clothing for summer 
wear is largely cotton, linen, silk, or a mixture of wool with 
cotton and silk. 
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The most noticeable difference in summer and winter cloth- 
ing is the difference in color. Dark-colored clothes are worn 
in the winter and light-colored clothes in the summer. In 
the summer time we receive much radiant energy from the 
sun. This energy is absorbed by our clothing, and the heat 
is conducted to the body. The amount of energy absorbed 
depends somewhat on the color of the material, as shown by 
the following experiment. 


Experiment 40: Which absorbs more radiant energy, light- 
or dark-colored cloth? 


Obtain two test tubes of the same size. Wrap a piece of white 
cotton cloth around one test tube and a piece of dark cloth around 
the other. Arrange them 


as shown in Figure 31, pa 
page 40. Now place the 7 
apparatus in bright sun- we 
light, and after several A BA i a Hie 
minutes read the tem- SEtEESe = Me ae P 
perature in each tube. Boe See muNe ane il 
Which of the two pieces can \z ea Cris i 
of cloth absorbs the more i ll ae Ee 
heat? Explain how the Ee =i! 
experiment shows this. beet 

‘ Fig. 159. Loosely Woven and Tightly 

In winter the greater Woven Paves 


amount of heat is lost 

from the body by conduction and radiation, because the 
amount of perspiration which evaporates from the body is 
small. The problem of selecting clothing in winter is that of 
securing materials which will not readily conduct heat. 
Wool is the poorest conductor of heat and can be woven very 
loosely. When woven loosely, it contains large air spaces 
between the meshes (Figure 159). Air is a very poor conductor 
of heat and thus aids the wool in preventing loss of heat by 
conduction. For undergarments a mixture of cotton and 
wool is superior to all-wool, because the cotton prevents the 
closing of the mesh when the wool is washed. For outside 
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wear in the winter, wool is the most satisfactory material 
because of its weight, its looseness of weave, and its non- 
conductivity of heat. 

Rubber and leather do not absorb water readily. Water 
cannot pass through rubber, which is, therefore, used for rain- 
coats and for overshoes. Leather does not absorb water - 
readily, and can be made waterproof by certain waterproof 
dressings which fill up the pores. Damp clothing of any kind 
is very dangerous to the wearer, especially in the winter when 
he may be exposed to drafts. The evaporation of the mois- 
ture rapidly lowers the body temperature and makes it easy 
to “catch cold.” A good raincoat and a pair of rubbers are 
necessities for everyone, and will more than pay for them- 
selves by keeping one’s clothes and shoes in good condition 
and by preventing sickness. 


Exercise 2. State the advantages and disadvantages of each 
kind of fabric when worn as outer garments in the summer. In 
the winter. 

Exercise 3. State the advantages and disadvantages of each 
kind of fabric when worn as undergarments in the summer. In 
the winter. 


PROBLEM 2: HOW CAN YOU KNOW THE KINDS OF 
FIBERS IN YOUR CLOTHES? 

Some time in the future a law will probably be passed requir- 
ing cloth manufacturers to label their goods with such marks 
as ‘‘all linen,” ‘‘half cotton,’ “wool,” or ‘wool and cotton.” 
Until that time comes the purchaser must have some way of 
telling whether a material is what it is said to be. There are 
many ways of adulterating fabrics, that is, adding foreign 
materials to them. One is to weight the cloth by filling the 
open mesh with gums, clays, starches, or other materials. After 
the cloth is washed, these materials fall out and leave a much 
more open mesh or weave. Silk is very commonly adulterated 
in this fashion to increase its weight. A common practice 
is to combine cotton and wool, or cotton and linen, and then 
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sell the product as fine wool or pure linen. Cotton is sometimes 
treated with: chemicals so that it resembles silk or linen. Rub- 


Fig. 160. Lengthwise and 


bing the cloth be- 
tween the fingers 
or examining the 
threads which make 
up the warp and woof 
(lengthwise and 
crosswise threads) 
(Figure 160) will give 
experienced buyers 
an indication of what 
the cloth contains, pig. 161. Cotton 


Crosswise Fibers but inexperienced Fibers 
The lengthwise fibers are h ; These fibers are 
& urchasers must rel : 
usually heavier than the E y magnified about. 
crosswise fibers and are On other tests. 180 times. 
twisted to give strength. Microscopes are 


Fig. 162. Wool 
Fibers 


Wool fibers are 
obtained from differ- 
ent animals and vary 
somewhat in appear- 
ance. 


used to test fibers. Each kind of fiber has 
a certain characteristic appearance when 
examined under a microscope. The cotton 
fiber has a natural twist, and under the 
microscope it appears as a twisted, 


.smooth, flat band (Figure 161). The 


fibers are from one to two inches long 
and have a diameter of about .0007 inch. 
A small thread is composed of thousands 
of these tiny fibers so interwoven that 
it is difficult to distinguish them. The 
wool fiber under the microscope appears 
kinky and has an outer covering like the 
scales of a fish, each scale overlapped 
by the one above (Figure 162). These 
scales are really tiny cells which make 
up the outer covering of the wool. The 


fibers of flax, which are used to make linen, appear rod-like 
under the microscope, with occasional markings which do not 
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overlap (Figure 163). 
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Silk fibers have no characteristic mark- 


ings (Figure 164). If you have a compound microscope, ex- 


aminé different fabrics and identify the fibers. 


Fig. 163. Flax 
Fibers 
These fibers are 
obtained from the 
stem of the flax 

plant. 


Fig. 164. Silk 


Fibers 
Silkworms force 
from their bodies 


a colorless liquid 
which hardens in the 
air, forming smooth 
tubes of silk fiber. 


solution of sodium hydroxide. 


tube. 


The microscope 
test is the one commonly used by large’stores, 
and by its use adulterated materials and 
mixed goods are quickly detected. 

Fibers may be tested at home. To de- . 
termine the kind of fibers in a fabric when 
a microscope is not available, it is necessary 
to use certain chemical or physical tests, such 
as those given in the following experiment. 


Experiment 41: How can fibers be identified? 
an Burning test 

(a) Obtain a piece of cotton cloth. Light 
a small piece with a match. Observe the odor, 
the color of the flame, and the rapidity of 
burning. 

(b) Repeat (a), using linen. 

(c) Repeat (a), using wool. 

(d) Repeat (a), using silk. 


¥ 2. Litmus test 


(a) Moisten a strip of blue litmus paper. 
Heat a piece of cotton in a dry test tube and 
hold the litmus paper in the smoke which 
comes from the tube. Note the color change. 
Repeat, using a strip of red litmus paper, and 
note any color change. 

(b) Repeat (a), using linen. 

(c) Repeat (a), using wool. 

(d) Repeat (a), using silk. 


u 3. Lye test 


(a) Make a solution of two teaspoonfuls 
of lye to a cup of water or use a five per cent 
Place a piece of cotton in a test 


Add about a half-inch of the solution and boil for about 
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five minutes. Pour the solution and cotton out into a small dish. 
Remove the cotton from the lye with a pair of forceps, and rinse 
it in water. Test the strength of the cloth. 


(b) Repeat (a), using linen. 
(c) Repeat (a), using wool. 
(d) Repeat (a), using silk. 


4. To distinguish cotton from linen 


(a) Obtain a piece of mixed cotton and linen fabric. Place it 
in a beaker of water to which have been added two or three drops 
of hydrochloric acid, and heat. This will remove the starch and 
other materials which have been added to the cloth to make it 
stiffer. 

(6) Allow the fabric to dry and then place a drop of olive oil 
on it. Note that the linen threads absorb the oil more rapidly 
than the cotton threads. 


5. To distinguish wool from silk 

(a) Heat a piece of wool in a test tube. Hold a strip of filter 
paper moistened with lead acetate at the mouth of the tube. 
Result? 

(b) Repeat (a), using a clean test tube, with silk. Does the 
paper change color? 


Exercise 4. Make a table in the form shown below, but much 
larger so that you can write in the results of the tests which you 
made. 


| BURNING Lirmvus LYE OLIVE LEAD 
TEST TEstT TEST Om ACETATE 
COTTON... « 
DINE Nees. 
WOO wailone 
SIUKe we ey: 


What tests would you make in determining the kind of fibers 
in a piece of cloth? Name the tests in order, and tell why you 
would use these tests. If time permits, try your plan; test: many 
kinds of cloth. 
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PROBLEM 3: HOW ARE CLOTHES LAUNDERED? 


There are two principal classes of substances which must 
be removed by washing: (1) body perspiration which con- 
tains oily materials, and (2) particles of dirt or grease caught 
in the meshes of the fabric. These are usually removed by the 
use of soap or other chemicals. 

Soap is the most common substance used for washing 
clothes. Did you ever try to wash grease from your hands 
with plain water? A sticky, greasy 
mass is the only result; the water 
will not remove the grease. But the 
addition of soap, followed by rubbing, 
will remove it. How does the soap 
work? 


Experiment 42: Why does the addition 
of soap to water help remove 


grease? 
: } (a) Put 100 ¢. c. of water in a flask 
Berto. ra a or bottle. Add ten to twelve drops of 


One drop of oil was olive oil. Shake the flask vigorously. 
emulsified to form these Does the oil mix with the water? Allow 
droplets. the flask to stand until the next day. 

Are the oil and water mixed? 

(b) Rub some soap in 100 ¢. c. of water until good suds or lather 
is formed. Pour this into a bottle, add ten to twelve drops of 
olive oil, and shake vigorously. Do the oil and the soap solution mix? 
Let the mixture stand until the next day. Compare results with 
those of part (a) of the experiment. 


“When a greasy fabric is rubbed with soapy water, the par- 
ticles of grease are broken up into finer particles. Each of 
the finer particles is surrounded by a film of soapy water and 
is suspended, or floats, in the soapy water in the form of a tiny 
drop. This is called an emulsion (Figure 165). The soap is 
said to emulsify the oil or grease. These small emulsified 


particles of oil or grease may then be carried away by rinsing 
the fabric. 
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Soft water is better than hard water for the laundry. Prac- 
tically all natural water, with the exception of rain water, 
contains minerals which have been dissolved out of the rocks 
and soil. Water which contains but few minerals is said to be 
“soft,” while water which contains large quantities of certain 
minerals is called “hard water.’ For laundry purposes the 
soft water is more satisfactory than hard water. 


Experiment 43: Why is soft water more desirable than hard 
water for laundry purposes? 


(a) Make a soap solution by placing Ivory or castile shavings 
in a bottle of rain water or distilled water. Add shavings until 
no more soap will dissolve after the bottle is well shaken. 

(6) To a test tube half full of distilled water or rain water, add 
the soapy water made in (a) drop by drop (use a medicine dropper), 
shaking after each drop. (The test tube should be stoppered, 
or covered securely with the thumb, while shaking.) When a 
layer of lather about one-half inch deep remains on top of the 
water for a minute, the test is complete. How many drops are 
necessary to make this lather? 

(c) Repeat (b), using, instead of distilled water, water from a 
well or from the city supply. Compare the amount of soap re- 
quired to make a lather with the amount required for the same 
volume of distilled water. 

(d) Make up some very hard water by dissolving some calcium 
sulphate or magnesium sulphate in distilled water. Repeat (6). 
Hold the test tube up to the light and note the tiny flakes in the 
water. Compare the amounts required in (a), (b), and (c). What 
is your conclusion? 


The next question which we must answer is, “Why does 
it take more soap to make suds with hard water than it does 
with soft water?’”? When soap was added to the hard water 
in part (d) of the preceding experiment, your attention was 
called to the white flakes which were formed. These flakes 
were formed by the combination of the soap with the minerals 
in the water. The new materials which were formed were not 
soluble in water; so they separated out as solids. Chemists 
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say that such insoluble materials are precipitated, because they 
settle to the bottom. Before the soap would form suds, it was 
necessary to remove all of the minerals which caused the soap 
to precipitate. After this was done, the soap could form 
suds and remove the dirt. 

Many substances may be used to soften water. When 
soft water is not available for washing purposes, it is custom- 
ary to add certain materials, such as 
borax, washing soda, or ammonia, 
to the hard water. 


Experiment 44: What effect do borax, 
washing soda, and ammonia 
have upon hard water? 


(a) For use in this experiment make 
some hard water as in part (d) of 
Experiment 43. Take one-half test 
tube of this water and determine the 
number of drops of soap necessary to 
make a lather. 


Courtesy Laundryette Co. 


Fig. 166. An Electric Wash- 
ing-Machine 
The vacuum cups move up 
and down, and the soapy 
water is forced through the 
clothing. There are a num- 
ber of other types of washers 
manufactured. What kind do 
you have at home? 


drops of strong ammonia water. 


(b) Add a pinch of borax to the 


same volume of water. 


formed? Determine the 
drops of soap necessary 
lather after the borax is 

(c) Repeat (0), using 
washing soda. Compare 
with (6). 


What is 
number of 
to make a 
added. 

a pinch of 
the results 


(d) Repeat (b), adding about five 


(ec) Summarize the results of this experiment. 


Compare results with (0). 


Exercise 5. Write a paragraph on ‘The Use of Hard Water for 
Laundry Purposes,” telling why hard water should not be used 
unless softened, how it can be softened, and why soft water should 


be used. 


There are several steps in the proper washing of clothes. 
When the clothes are soaked, the dirt is softened by the swelling 
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of the fibers. Wool and silk should never be soaked for a long 
time in water with soap which contains free lye, or alkali, or 
in water containing washing soda. In both cases the alkali 
in the soap and the alkali formed by the washing soda will 
attack the fiber and weaken it. Wool and silk should never 
be soaked in hot water and immediately put into cold water. 
Both the wool fiber and the silk fiber, being composed of animal 
material, are very sensi- 
tive to heat and cold. In 
wool, you remember, the 
outer covering consists of 
scale-like cells which over- lg als 
lap. In the presence of 
alkalies or in changing 
from hot to cold water, the 
scales interlock and the 
fibers shrink to a felt-like 
mass. This is called felting 
(Figure 167). Cotton and Fig, 167. Wool Fabrics Before and After 
linen and all vegetable Felting 

fibers are little changed (a) Fabrics before felting; (b) fabrics 
by the action of alkalies after felting. 

or by hot and cold water. 


qo 
FA it 
Fala A 


lf au 


Exercise 6. Why do woolen sweaters sometimes shrink and lose 
their soft feel when washed? 


After clothes are soaked for an hour or two, it is the custom 
to rub them on a washboard or to place them in a washing- 
machine (Figure 166). This assists the action of the soap by 
bringing it into closer contact with the particles of dust and 
grease, and thus helps remove them from the clothes. Too much 
rubbing will cause wool to felt and lose its softness and elas- 
ticity. Hard rubbing also breaks the fibers of silk, weakens 
them, and takes away the luster. Cotton and linen materials 
may be rubbed without injury, but in the case of colored mate- 
rials, more soaking and less rubbing are desirable. 
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All soap, dirt, and materials released by the action of water- 
softeners must be removed by rinsing in water. It is much 
better to rinse in warm water, because the soap will dissolve 
better in warm water than in cold. In rinsing wool or silk 
the temperature of the rinsing water should be as near that 
of the washing water as possible. Cotton and linen may be 
rinsed in either cold or hot water, because heat has very little 
effect upon vegetable fibers. 

Generally the clothes are whitened by means of bluezng. 
Did you ever notice what appeared to be rust stains on cloth- 
ing? One kind of blueing contains iron. Alkalies, such as 
are found in some soaps and washing soda, act chemically 
upon this blueing, forming iron rust, thus leaving a stain on 
the fabric. To prevent rust from forming, it is only neces- 
sary to rinse the clothes carefully in order to make sure that 
all of the alkalies are removed. After blueing, the clothes 
are wrung out and hung up to dry. 


Exercise 7. State the steps in washing clothes, and explain 
the importance of each step. 

Exercise 8. In what ways should the washing of animal and vege- 
table fibers differ? 


PROBLEM 4: HOW ARE SPOTS AND STAINS REMOVED 
FROM CLOTHING? 


In removing spots and stains from clothing two things must 
be kept in mind: (1) the nature of the fabric, and (2) the kind 
of stain. The vegetable fibers which compose cotton and linen 
are very resistant to the action of chemicals and are not easily 
injured by rubbing. The animal fibers which compose wool 
and silk cannot be treated with as strong chemicals or rubbed 
so vigorously as the vegetable fibers. There are three general 
methods of removing spots and stains: (1) by dissolving the 
stain in some material such as water, alcohol, gasoline, benzine, 
naphtha, chloroform, or carbon tetrachloride; (2) by absorbing 
the stain with blotting paper, powdered French chalk, or mag- 
nesia; and (3) by chemical action. 
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The first thing to do in removing a stain is to determine the 
kind of stain. Look over your own clothes and find some spots 
or stains. What kinds are they? There are many varieties, 
but we shall study the removal of only the common ones. 


Experiment 45: How can grease spots and stains be removed 
by dissolving the stain or grease? 


(a) Make a small grease spot on a piece of cloth by placing a 
drop of oil on it. Moisten a rag with one of the following sub- 
stances: benzine, gasoline, naphtha, ether, chloroform, alcohol, 
or carbon tetrachloride. (Caution: All of these liquids, with the 
exception of carbon tetrachloride, are inflammable. Keep away 
from a flame.) Always rub from the outside of the spot towards 
the center. Why? If one of the liquids will not remove the spot, 
try others until one is found that will. 

(b) Place a little fruit juice on a piece of white cloth. Pour 
boiling water through the cloth. Result? Explain. 


Experiment 46: How are grease spots and stains removed by 
absorbing the grease or stain? 


(a) Place some powdered French chalk or magnesium carbonate 
over a grease spot on a piece of cloth. Allow it to stand for several 
hours. Result? How is the grease removed? 

(b) Place a piece of cloth with a grease spot on it between two. 
blotting papers. Press with a hot iron. Result? What is the 
purpose of the hot iron? Of the blotting paper? 

(c) Place a drop of ink on any white fabric. Before the ink 
dries, place the fabric in a cup of milk and let it stand for several 
days. Remove the fabric and rinse it in water. Result? 


In the two methods of removing grease or stains described 
in Experiments 45 and 46, it was not necessary to use ma- 
terials which have a chemical action on the grease or stains. 
Some stains, however, can be removed only by using materials 
which will act chemically upon them. If the fabric is white, 
this can be done without danger to the fabric. If the fabric 
is colored, the action of the chemical may be such as to cause 
the color of the fabric to change, and great care must be taken. 
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Experiment 47: How are spots and stains removed by 
chemical action? 


(a) Procure a piece of cloth stained with iron rust. Wet the 
stain with water, touch it with a drop of hydrochloric acid on the 
end of a stirring rod (Figure 168), and rinse the fabric in water. 
The iron rust is changed by the acid 
intoa soluble material which washes 
away. Whenrinsed, add a drop of 
ammonium hydroxide, which will 
act upon any acid which remains 
to form a new harmless substance. 

(6) Obtain a piece of white cot- 
ton material and spot it with ink. 
Make a weak solution of calcium 
hypochlorite, or, as it is com- 
monly called, bleaching powder. 


RYDROWLE 
| Kao Ky) 


Fig. 168. Apparatus for Experi- ’ ; 
ment 47 Soak the cotton in the solution 


and add a few drops of dilute 
hydrochloric acid. After the spot is bleached, rinse thoroughly and 
dry. The solution of bleaching powder should not be used in 
bleaching silk or woolen materials because the chlorine attacks 
the fiber and weakens it. 


Exercise 9. Make a list of the kinds of spots or stains which 
you usually get on your clothes. After each one list the appropriate 
method of removing it. If you do not know how to remove it, 
experiment with the methods given until you learn how. 


Review Exercise on Unit VI. (a) Turn back to the Preliminary 
Exercises and mark those which you answered incorrectly or failed 
to answer. Answer them at the end of your original answers. 

(b) Turn to the Table of Contents of Unit VI and see if you can 
give satisfactory answers to each of the problems in this unit. 
If you cannot do so, study the text until you can. 


ADDITIONAL EXERCISES AND PROJECTS ON UNIT VI 


V1. How does fanning help us get cool? Give two reasons. 

4y2. While swimming, one sometimes feels warmer in the water 
than on the land, even though the air is much warmer than the 
water. Explain. 
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3. Why is a study of clothing included in a science book? 
4. How would you determine if a piece of cloth is made of 
mixed wool and cotton? 
¥5. Why do aviators wear leather-lined coats? 
6. Why do some people place newspapers between the mattress 
and the springs during cold weather? 
7. Why do birds “fluff” out their feathers when it is very cold? 
8. Why is a wet wool bathing-suit warmer than a wet cotton 
bathing-suit? 
9. Why do we feel more uncomfortable on a hot moist day 
than on a hot dry day? 
10. Why does a rubber raincoat make you feel hot on a summer 
day? 
11. Make a collection of as many kinds of fabric as you can 
obtain. Mount the samples on cards and label each kind. 


UNIT VII 
PROTECTING OURSELVES FROM DISEASE 


PRELIMINARY HXERCISES 


State two health reasons for cooking food. 

Explain why ventilation is necessary. 

Summarize your reasons for preserving food. 

What is the work of your local or state board of health? 

5. What can you do in your community to help safeguard the 
health of your neighbors? 

6. Make a list of the diseases you have had, and following 
each, state, if possible, how you contracted it, how you might have 
avoided it, and what treatment was necessary to cure it. 

7. What is the source of your milk supply? What precautions 
are taken to insure that it comes to you in a pure condition? 

8. What does your city do to prevent danger of disease from 
polluted water? What does your home do? 

9. Why “‘swat the fly’’? 

10. Have you ever had any medical treatment to keep you from 
“catching”’ a disease like diphtheria or typhoid? How does the 
treatment serve its purpose? 

11. What is a germ, or microbe? Draw a picture of one as you 
imagine it looks. 

12. Why is keeping physically fit the best safeguard against 
disease? 


tee nee 


THE STORY OF UNIT VII 


In Unit V you learned the importance of keeping physically 
fit. You saw that proper care of your body is essential to 
your efficiency, comfort, and enjoyment in life. In this unit 
you will learn more about the causes of diseases, and how they 
are spread. With such knowledge you will not only be better 
able to guard your own health, but you will also know how 
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to safeguard your neighbor’s health and thereby make your 
neighborhood, town, or city a better place in which to live. 

Most of the diseases which attack you spread from one 
person to another. They are called communicable diseases, 
or contagious diseases, that is, dis- 
eases which may be passed on, or 
communicated, to others. Perhaps 
you have “caught” a cold or taken 
some other sickness from your play- 
mates; similarly, you may have 
passed on such disease to your 
friends. Carelessness and thought- 
lessness, or ignorance about the 
cause of disease and how it is spread, 
are not excusable, for we know to- 
day how to prevent the dangers of 
most communicable diseases. 

For centuries men lived in igno- 
rance of the causes of communicable Uuderwood Sud UaGereocd 
diseases. Often the diseases spread Fig. 169. Louis Pasteur 
to such extent that thousands of Discoverer of the germ 
people died in afew weeks or ium of dese hel 
months. Even today such epidemics 
occur. Perhaps you recall or have heard of the terrible epi- 
demic of influenza (‘‘flu’’) which killed more than a half million 
persons in 1918. The great loss of lives from such epidemics is, 
however, becoming less and less since man has learned what 
causes such diseases and how to guard against them. 

Probably all communicable diseases are caused by germs, 
which as you know are very tiny invisible lving plants or 
animals. These germs, on account of their small size, enter 
our bodies without our knowing it. They were discovered 
in 1865 by Louis Pasteur, a Frenchman, one of the greatest 
scientists of all time (Figure 169). His discovery was made 
while he was examining silkworms in France. He found the 
little germs in the bodies of the worms which became sick, 
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or died. Later he and other scientists studied the causes of 
disease in other animals and in man. As a result of these 
wonderful studies it has been proved that there are many 
kinds of germs. Those which cause disease are called patho- 
genic, which means “‘sorrow- 
producing.”’ Each of the va- 
rious communicable diseases 
is very likely caused by a 
different pathogenic germ, 
which may be communicated 
from one person to another. 
As soon as the cause of a 
disease is known, scientists 
ean study how to treat the 
disease and how to keep it 
from spreading. Having thus 
studied the different disease 
germs which are known at 
the present time, they have 
Fig. 170. A Dangerous Playmate found many ways in which 
The coughing boy not only has these are spread. One of 
bad manners, but may spread dis- the most common ways is 
ease to his friends by means of the ‘ : 
spray from his mouth. through contact with clothing 
or articles touched by a sick 
person. Thus, handkerchiefs, bed-clothes, pencils, fruit, candy, 
drinking cups, and clothing may act as germ carriers. Coughing 
and sneezing also spread germs which travel on the small drop- 
lets of water thrown from the nose or mouth (Figure 170). 
Many animals act as carriers. Among these are flies, mosqui- 
toes, lice, dogs, and human beings. Still other common sources 
of disease germs are impure water and impure food. Later 
you will learn of other carriers, and find that not all kinds of 
germs are spread in the same way. 
The knowledge of the means of spreading disease suggests 
to you various ways to prevent taking a disease from your 
neighbor, or passing it on to others. The most important 
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method of prevention has been studied in Unit V, that is, 
keeping physically fit. This is the best insurance against 
germs. Other methods of preventing 
disease are: (1) to avoid handling objects 
belonging to sick persons (Figure 171); 
(2) to avoid persons who cough or 
sneeze, and to protect others from your 
coughs and sneezes (Figure 172); (8) to 
ventilate your rooms well, for some dis- 
eases may be spread in the air; (4) to 
disinfect, or cleanse from germs, all 
clothing and articles touched by a person 
recovering from a communicable dis- 
ease; (5) to protect your food from the 
dangerous organisms; (6) to be sure that 
your water supply is pure; and (7) to 
heed the advice of nurses, doctors, and — 

Fig. 171. Not a Friendly Act 
others who have become expert by ex- Sup posse 
perience and study. You can perhaps children is coming down 
add many more ways to this list. ee ciphers Whe 

While an ounce of prevention is worth Ae : ee pari ¢ 
more than a pound of cure, we do not 
mmyiii= always avoid disease, and must, 
\ therefore, suffer sickness at times. 
i Even though the body has in it cer- 
tain materials which may kill the 
germs, it is not always successful 
in its fight against these invisible 
. enemies. If you are unfortunate 
Ges enough to catch a disease, it becomes 
Courtesy Chicago Municipal Tuber” your duty to receive the proper 
Fig. 172. The Criminal medical attention and to do every- 
Anyone should be as horri- thing which you can to protect 
fied as the man with glasses is. O¢horg from your sickness. You 
should follow the advice of doctors and boards of health. 
They have made a careful study of ways of caring for and 
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treating the human body to cure it and to protect it against 
the ravages of disease. Medical treatment, quarantine, and 
other safeguards are the result of scientific study by thousands 
of trained physicians and scientists. 

Above all you should avoid using patent medicines, and 
refuse to consult ‘‘quack”’ doctors. Thousands and thousands 
of dollars are foolishly spent every day for these two kinds 
of frauds. Not only do they usually fail to cure sick people, 
but, what is worse, they do people such harm that it becomes 
much more difficult for good doctors to repair the damage 
done and cure the patient. 


PROBLEM 1: HOW DO GERMS MAKE US SICK? 


Some germs are plants. The plant germs are called bac- 
teria. Each bacterium is made of a single cell, so small that 
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Fig. 173. Shapes of Bacteria 


it would require thousands of them to make a row one inch 
long. Each kind of bacteria is different from every other kind 
in its appearance and in its action. When seen under the 
microscope, different bacteria appear in three shapes, as shown 
in Figure 173. You should realize that there is a great 
variety of bacteria, not all of which are injurious or danger- 
ous. Many, like those which help to make the soil a better 
home for plants and those which destroy refuse by decay, 
are helpful to man. Others are harmless. Still others, the 


HOW DO GERMS MAKE US SICK? 197 


pathogenic bacteria, are our worst enemies. It is these patho- 
genic bacteria which cause such contagious diseases as diph- 
theria, tuberculosis, measles, and typhoid fever. 

Animal germs also cause sickness. The animal organisms 
which cause disease are not so common as bacteria. These 
animal germs are one-celled and so much like bacteria that it 
is very hard to tell the difference between them (Figure 174). 
Several common diseases are caused by them, including dysen- 
tery, malarial fever, and sleeping sickness. 


> 9 (5) 


Fig. 174. A Malarial Parasite 


No. (1) shows how the parasites develop in_odcysts on the outside 
of the mosquito’s stomach. No. (2) shows the many sporozoites within 
a single odcyst. In No. (3) one of the red-blood corpuscles has been 
invaded by a malarial parasite. Here it divides into many sections as 
shown in No. (4), breaking the wall of the red corpuscle. The new 
parasites and the poisons, No. (5), enter the blood stream. 


Germs are parasites and produce poisons. Any plant or 
animal which lives in the body of another living thing and takes 
its food from that living thing is known as a parasite. The 
living thing which furnishes the food is the host. The most 
dangerous of the animal and plant parasites are the pathogenic 
germs. 

Under favorable conditions germs grow very rapidly. If 
the body does not throw them off, or is not in good enough 
physical condition to keep them from growing, they begin to 
get larger. In a short time they divide into two cells in 
the same way that other cells do (see Figure 73, page 84). 
Then the two may grow and produce four. Thus, if a single 
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germ gets into the body and divides into two new germs in a 
half hour and these continue to multiply at the same rate, 
there may be formed over sixteen million germs in a half day. 
During their growth they attack different parts of the body, 
feeding upon the body cells and producing poisons called 
toxins. In many cases. these toxins get into the blood and 
cause general sickness. Such general poisoning is called toxemia. 
Sometimes the toxins remain in certain parts and cause only 
local swelling, redness, and pain, as in some cases of sore throat 
or in boils. 

If the body does not conquer the germs, they continue to 
multiply and their poisons are produced in great quantity. 
These toxins first produce certain symptoms, or signs, such as 
a tired feeling, pain, headache, or fever. It is by the study of 
these symptoms that the doctor is usually able to diagnose, or 
identify, a disease. Often the place where the germs enter 
the body, such as the nose, throat, or a cut, becomes red, or 
inflamed. If the sickness or infection continues, more and 
more poisons are formed, and cause severe illness. In cases of 
local infections the germs may form pus, as in boils or abscesses. 
If the body is finally able to overcome the germs and their 
poisons, the body becomes well, but if the poisons are pro- 
duced in such great quantity that the body cannot success- 
fully combat them, death results. 


Exercise 1. Name the diseases you have had, and following 
each, state the symptoms which led you and the doctor to know 
what the disease was. 

Exercise 2. Make a class survey and enter your results in a 
table which shows the different communicable diseases members 
of the class have had and how many have had each disease. Which 
are the most common diseases for your group? 

Exercise 3. A single typhoid germ in a glass of water may make 
you seriously ill. How is this possible? 

Exercise 4. Calculate the possible number of germs produced in 
12 hours by a single germ. Compare your results with the number 
for a half a day stated in this problem. 
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PROBLEM 2: HOW ARE GERMS SPREAD? 


Every contagious disease is caused by a particular kind of 
germ coming from someone who has that disease. In some 
way the germ must be transferred or communicated to the 
person who becomes sick. Let us see more clearly how these 
dangerous parasites are spread, so that you can better under- 
stand how to avoid them. 


Experiment 43: How may germs be spread? 


Prepare several “bacteria gardens,” or “cultures,” as follows: 
Obtain several small round dishes or pans and an equal number 
of larger dishes which may act as covers for the smaller dishes. 
(Use petri-dishes and covers if available.) Place all of the dishes 
in clean water and boil the water for an hour. In the meantime 
place about four ounces of gelatine (used for making jello) in a 
quart of water. Add one-half ounce of beef extract or about a 
half pint of rich beef broth, one-half ounce of peptone (this is 
not absolutely necessary), a pinch of salt, and a pinch of baking 
soda. Heat the mixture until the gelatine is dissolved and the. 
liquid is clear. Remove the dishes from the hot water and imme- 
diately pour enough of the hot culture liquid into each of the small 
dishes to make a thin layer on the bottom of the dish. Be sure to 
rest the dishes on a level surface. Cover the dishes with the larger 
dishes turned upside down. When the gelatine has cooled and 
hardened proceed as follows: 

1. Open the first dish for a half-hour to allow the air to come in 

contact with the culture; then cover. 

2. Open the second dish for only a moment and cough into it; 
then cover. 

3. Open the third dish and pour a few drops of drinking water 
on the gelatine, spreading it around by shaking the dish; 
then cover. 

4. Open the fourth dish and rub your fingers across the culture; 
then cover. 

5. Leave the fifth dish covered. 


Keep all dishes in a warm place at about 70° or 80°F. for two or 
three days and then examine the “gardens.” If bacteria have 
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entered, they will grow and produce white or yellow spots, as 
shown in Figures 175, 176, and 177. Each bacterium grows in- 
to thousands, 
which make 
one of these 
little spots. 
The fifth dish 
will show no 
spots (Figure 
178). What 
conclusions to 
the question of 
Fig. 175. Petri-Dish Fig. 176. Petri-Dish the experiment 

Culture Culture do you reach? 


The cover was removed The bright part, which Note: If the 
for 20 minutes. The large looks like a finger-print, gelatine cul- 
snow-like patch is a shows where a few drops ites CHO LOE 
mold growth; the small of water were spread. 
spots are colonies of bac- There are many small made, you can 
teria. colonies of bacteria here. use slices of 


potato. Wash 
the potato, slice it into pieces about one-quarter inch thick, and place 
these in saucers 
or dishes. Steam 
the saucers and 
potato — slices 
for a half hour; 
then remove 
and cover im- 
mediately with 
larger dishes. 


When the dish- 

es and potato Fig. 177. Petri-Dish Fig. 178. Petri-Dish 
are cool, pro- Culture Culture 

ceed as direct- Someone rubbed his fin- The lid of this dish was 


ed with the gersacross the culture; he not removed; there are no 


hardened gela- thought his hands were colonies of bacteria to be 
clean! seen. 


tine cultures. 
Germs are spread by the contact method. One very com- 


mon method of spreading germs is by contact with sick persons 
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or with objects touched by them. Thus, kissing sick per- 
sons is a dangerous practice; tuberculosis, diphtheria, measles 
and scarlet fever are but a few of many diseases spread by - 
direct contact. The kinds of objects which may spread disease 
are so many that only a few will be named: the common drink- 
ing cup (Figure 179), handkerchiefs, bed-clothing, razors, eat- 
ing utensils, dental instruments, towels, toilet seats, bathtubs, 
pencils, candy, and fruit. 

Spitting should also be mentioned in this connection. A 
person who has tuberculosis, for example, may spit on the 
sidewalk or in the washbowl. 
Millions of dangerous germs 
may be present in the sputum. 
Later this sputum may come 
in contact with shoes, clothing, 
or the hands, and find its way | 
into the body of another person. T F : ni 

This method of transferring = = Ngumninameanetalitver 
disease by contact is made still 
more dangerous by the fact that Fig. 179. The Common Drink- 

ho are apparently in ing Dept 

De ehee ao PP e y Many diseases have been spread 
good health may be “germ py this apparently clean dipper. 
carriers.” Thus a person may 

have completely recovered from diphtheria or typhoid fever, 
or he may never have come down with the disease at all, and 
yet have the germs in his body. He may spread the disease 
by handling foods or by any of the above-mentioned ways. 
It is a fact that a certain cook in New York City, called 
“Typhoid Mary,” who was not sick herself, caused over 
twenty cases of typhoid before she was discovered. Then, 
after having agreed never to be a cook again, she did not 
keep her promise, and a few years later caused many more 
cases of typhoid in a hospital where she went to work. 

Coughing and sneezing spread germs. With each cough 
or sneeze numerous small invisible drops of water from the 
linings of the nose and mouth are thrown into the air, as shown 


Hh 
c I I ! 
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in Figures 170 and 172. Even in speaking these droplets are 
thrown out. If a person is sick or is a germ carrier, there is 
great danger that germs will be carried on the droplets. 

You might think that all air is dangerous because it carries 
disease germs. This is not so, because the germs find it hard 
to live in dry air and sunshine. Fortunately for all of us 
most of the pathogenic germs are not so hardy as many other 
germs, and they are soon destroyed outside the body. Never- 
theless there is some danger in dusty air. Dust in the air and soil 
may, for example, carry the tetanus germ, which causes lockjaw. 

Food and water are germ spreaders. You recall (see page 102) 
that food furnishes germs a good home. Milk, vegetables, and 

y oysters may carry 
typhoid, cholera, 
and other disease 
germs In great num- 
bers if infected dur- 
ing handling. And 
remember that “‘hu- 
man disease car- 
riers” may handle 
the food. Uncovered 
food is particularly 
dangerous (Figure 
Fig. 180. The Filthy Fly and Its Filthy Foot 88, page 106). 

It isn’t the buzz of its wings or the tickling What has been 


effect of its feet that makes this criminal  gaid about food ap- 
objectionable. 


plies equally well 
to water, except that germs find it harder to live in water than 
in food. In fact, the number of germs in water decreases when 
the water is allowed to stand in open containers exposed to 
sunlight (see Figure 97, page 116). There is, however, always 
the danger of typhoid and cholera germs in water. 

Certain insects act as carriers of disease germs. Among 
the germ-carrying insects the principal ones are flies and 
mosquitoes. The ordinary housefly (Figure 180) is in many 
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places the most dangerous of all. Its feet, as shown in Figure 
180, are very hairy, and as it goes about to all kinds of filth, 
such as manure, garbage cans, toilets, and impure food, it 
picks up some of this filth. Later it walks on fruits and other 
uncovered foods or finds its way into our houses and to the 
table. As it walks it leaves 
behind bits of filth con- 
taining disease germs. 
Figure 181 shows what 
may be seen a few days 
after a fly is allowed to 
walk across some jello, 
which contains food for 
bacteria. Each spot shows 
that a bacterium has been 
left behind and has grown 
into a colony of thousands. 
Typhoid fever and small- 
pox are quite commonly 
eauicanby whe ify ne Fig. 181. The Fly’s Gift 

Of the other insect Every time the fly walks on your 
carriers certain kinds of food it leaves filth behind. 
mosquitoes are the most 
dangerous, although the mosquito most common in our 
country is practically harmless. Malarial and yellow fever 
are spread by mosquitoes, each by a particular kind. The 
malarial germ, an animal parasite (Figure 174), is taken into 
the mosquito’s body when the mosquito bites a person who 
has the germs in his blood. Then later the mosquito bites 
another person and may pass the germ into that person’s 
body. Some diseases carried by other insects are: typhus 
fever by the body louse, relapsing fever by bedbugs, lice, and 
ticks, and sleeping sickness by the tsetse fly. 

The story of disease carriers should, no matter how short, 
contain a word of praise—a tribute—to those noble men who 
offered their lives that we might know the cause of disease 


Courtesy U.S. Department of Agriculture 
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and the methods of spreading germs. One case will illustrate 
the spirit with which true scientists work. In 1900, four doc- 
tors were sent to Cuba to study the cause of yellow fever. 
The disease had killed hundreds of 
Cubans every year and was attack- 
ing our soldiers. These men thought 
the disease might be due to certain 
mosquitoes. There was only one 
way to prove their idea and that 
was to allow themselves to be bitten 
by the mosquitoes. Two of the 
brave doctors took the disease. One 
recovered after a severe illness, but 
the other sacrificed his life for the 
sake of his fellow men (Figure 182). 
The doctors having called for volun- 
Fig. 182. Dr. J. W. Lazear teers to help them, two young men 
_ In 1900, while investigat- offered themselves. Both came down 
ing the cause of yellow fever : : 
in Cuba, this brave scientist With the disease and later recovered, 
contracted the disease, allow- but one of them became physically 
ed it to develop in order that disabled by the experiment. The 
he might better study it, and ‘ 
Hind aaa desu result of the study was so satisfac- 
tory that within two years the dis- 
ease was under control. It is worth while asking yourself in 
this connection, ‘‘Would I be willing to do what these men 
did for the sake of other people?” The history of mankind 
shows many such sacrifices made for the benefit of us all. 


Exercise 5. Find out the names of as many contagious diseases 
as youcan. List these in a column, and after each, state the ways 
in which the disease is spread and how the germs enter the body. 
= 
Thus: 


DISEASE How Spreap Enters Bopy 


Typhoid Milk, flies, ice, water Through the mouth 


| se js 
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PROBLEM 3:-HOW DOES THE BODY PROTECT ITSELF 
AGAINST GERMS? 


The nose and eyes are the watchdogs of the lungs and 
mouth. The hairs in the nose and the moisture on the nasal 
passage stop dust from entering the throat and lungs. (See 
page 150.) In this way the delicate lung lining is protected, 
and the disease germs cannot easily find their way into the 
body. Moreover, the nose expels a liquid which washes out 
the dust and germs. More important than this, the nose and 
eyes watch over the mouth, detecting spoiled food by its un- 
natural odor and appearance. Thus the poisons and bacteria 
in decayed food, and germs, may be kept from the body. | 

The skin is a sanitary cover of the body. The skin pro- 
tects the body from germs by keeping a sanitary cover over 
the easily infected interior parts. How important this is you 
may readily realize when you recall that the least cut or bruise 
of the skin may lead to a serious infec- 
tion. Also, you may know how very care- 
fully doctors cleanse their hands and 
instruments in water treated with germ- 
killing chemicals, germicides, before they 
cut or probe through the skin during an 
operation. 

The body contains an army of disease 
fighters. ~ Inside the healthy body there is 
always ready an army to fight the patho- eae ee 
genic germs which gain an entrance. It hese little bodies 
is said that nearly every adult has had _ rush to the point of at- 

: 5 tack by germs and usu- 
an attack by tuberculosis germs, but  aiy conquer the invad- 
that the germs were conquered and left — ers. The white corpuscles 

- B : are the standing army 
no serious results. This army which serves  6¢ the human body. 
to protect the body is composed largely 
of small colorless cells in the blood, called white corpuscles (Fig- 
ure 183). When germs appear in the lungs, intestines, a cut, or 
in any part of the body, and start to grow, the white corpus- 
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cles attack the germs and eat them. The germs are killed 
and changed to harmless materials. There are also formed 
in the body many chemicals which join forces with the white 
corpuscles to kill the germs and change the poisons to harm- 
less substances. 

While the white corpuscles try to destroy the germs during 
an attack of disease, there are being formed at the same time 
by the body cells certain substances called ‘“ant?-bodies” which 
destroy the poisons and protect one from further attacks 
of the same disease. Thus it may be that the body will not 
be attacked by the same disease for years or even a lifetime. 
In this condition one is said to be immune; that is, he is 
protected against the disease by the ‘“‘anti-bodies.” These dis- 
appear in time, and then the disease may be taken again. 

Unfortunately you may not always be in good physical 
condition or may not use the proper precautions to keep out 
the germs. In such cases the germs grow rapidly, because 
there are not enough white corpuscles or anti-bodies to over- 
come them. You must then get help by giving the body 
rest or by taking medicines. 


Exercise 6. State several reasons why some people are more 
liable to catch a disease than others. 


PROBLEM 4: HOW MAY THE SPREAD OF DISEASE BE 
DECREASED OR PREVENTED? 


The body cannot be depended upon to conquer all disease 
germs which may enter it. Everyone must, therefore, guard 
against the spread of these enemies of happiness and health. 

Guard against the contact method of spreading disease. 
Cleanliness and care in our contact with sick persons or with 
objects touched by them is one method which everyone can 
use to decrease the spread of disease. If you only stop to 
think, you will realize that no sensible person would put 
another’s pencil in his mouth, eat of the same candy or other 
food, bathe in a dirty bath tub, use an unclean toilet seat, 
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Courtesy American Red Cross 
Fig. 184. A Well-Equipped Sick-Room in the Home 


Simple furnishings and a bare floor make for cleanliness. The curtains 
are so arranged as not to exclude fresh air. Why is the bed supported 
on boxes? 


sleep on bed-clothes which were used by a sick person and 
not disinfected, use a dirty handkerchief or roller towel, or 
follow numerous similar careless and dangerous practices. 

Proper regard for the ones about us is one of the easiest 
and most successful ways to keep germs from spreading. 
Even before you come down with a communicable disease, 
you can know that you are becoming sick. Coughing or 
sneezing, sore throat, fever, headache, vomiting, diarrhea, 
breaking out with a rash, feeling tired and worthless, and 
having chills are some of the symptoms that you may be 
taking on or have taken a disease. In such cases it is your 
duty to stay in your room and call a doctor. To go out and 
be with other boys and girls is most unfair. 

Sick people should be kept away from others, and the great- 
est care in handling objects which they touch must be prac- 
ticed (Figure 184). It is wise for one who attends a sick person 
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to wear a slip-over gown which may be left in the sick-room. 
The hands should be carefully washed on leaving the room. 
Paper handkerchiefs and paper bags, which may later be burned, 


Courtesy Minnesota Board of Health 


Fig. 185. A Sanitary Drink- 


ing-Fountain 


should be used as receptacles for 
discharges from the nose and 
mouth. Basins and other necessary 
metal or porcelain vessels should 
be kept clean and sanitary by 
washing in water containing germ- 
killing chemicals. And upon the 
recovery of one who has a con- 
tagious disease, all clothes and 
articles in the room should be dis- 
infected, or sterilized. Heat, water 
which contains germicides, fumi- 
gating gases, sunshine, and fresh 
air are the important agents which 
should be used to make the room 
and the articles safe. A good 
doctor will always give proper 


directions for the care of the sick and of 


the sick-room. You can also get such 
directions by writing to the board of health 
of your city or state. 

Exercise 7. Make 
practices by which diseases may be com- 


a list of the careless 


municated through contact with sick persons RISER ae anitary 


or with things touched by such persons. 


Paraffined-Paper 
Cups 


From your own experience add after each 
practice such diseases as you a? Jhave been spread by that 
aN’ 


method. Thus: 


AN, 


CARELESS PRACTICE | DISEASES 


Using another’s handkerchief | Tuberculosis 


Using another’s pencil 


Diphtheria 
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The method of protection against coughing, sneezing, and 
spitting is clear to any thinking person. 


Exercise 8. Give three things which you can do to prevent 
spreading germs by your coughing, sneezing, or spitting. 

Exercise 9. State three or four sensible things which you can 
do to avoid catching a disease from people who are careless in 
coughing, sneezing, and spitting. 

Exercise 10. Why are the drinking-fountain (Figure 185), and the 
cups (Figure 186), more sanitary, or hygienic, than the dipper in 
Figure 179? 


Milk is one of the most dangerous carriers of disease. 
Typhoid fever and diarrhea, especially, have often been spread 
by milk. Many cases of diphtheria, tuberculosis, scarlet fever, 
and sore throat have 
also been traced to 
the milk supply. KILL THE TUBERCULAR COW 
Milk furnishes excel- é 
lent food for bacte- 
ria, and when the tem- 


perature is favorable SHE SPREADS THIS 
they multiply rapid- DREAD DISEASE 
ly init. You can see 

therefore how impor- 


tant it is that milk 
be kept at the prop- 
er temperature and 
carefully handled. 


‘ 
a NR 


IT'S A CRIME TO KEEP 


All milk should THAT COW 
e 
ee fn oy, Courtesy International Harvester Co. 
cows. Tuberculosis is Fig. 187. The Tubercular Cow 


very common among 
cattle, and the germs may easily find their way into the 
milk supply if sanitary conditions are not maintained in the 
barns. All cattle should be tested for tuberculosis. Thus dan- 
gerous sources of milk may be done away with (Figure 187). 
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The milk supply should be carefully protected during han- 
dling. Stables need particular care (Figure 188). Cows should 


Ewing Galloway 


Fig. 188. A Model Dairy Barn 

Well lighted, well ventilated, and clean stables make cows happy and 
lessen the danger of disease. 

be kept clean. Bits of manure, dirty hands, and unclean pails 
and cans carry germs into the milk. It is probably true that 
typhoid germs find their 
way into milk more com- 
monly from water used to 
wash or rinse the cans than 
from any other source. Men 
who handle the milk must 
not only be well, but they 
must also not be “human 
a carriers” of disease. There 

Fig. 189. Pasteurizing Milk : . 

* is one instance on record 
The large vats contain the milk. Tp f hoi 
The dial is on a thermometer which re- Where 400 cases of typ oid 
cords the temperature. The pasteurized fever were caused by milk 
milk goes to the bottling machine (Fig- _handled by a man who had 

ure 191) through clean pipes. : 

not had the disease for over 
forty years. In another instance a milk-man who had sore 
throat caused over 200 cases of sore throat among his customers. 


a — 
Ewing Galloway 
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When milk is shipped into cities, it must be protected against 
bacteria (Figure 190). To kill any germs present, pasteuriza- 
tion is used (Figure 189). You remember this process from 


Courtesy Pfaudler Co. 
Fig. 190. A Sanitary Milk Car 


The modern way of shipping milk makes use of large glass-lined steel 
tanks constructed like a vacuum bottle, keeping the milk cool and clean. 


Unit III (page 107). In the larger cities all men who handle 
milk are carefully examined. The pasteurization is also made 
to conform to certain require- 
ments. The process of heating 
milk to 144°F. for 30 minutes 
is the most satisfactory one. 
(See page 107.) This kills all 
pathogenic bacteria and many 
of the other hardier ones. The 
milk, after it has been pasteur- 
ized, is bottled by machines 
(Figure 191). 


In the home equal care must Ewing Galloway 
be practiced. Thousands and Fig. 191. A Milk Bottler 


thousands of babies die be- No human hands touch the milk. 
cause their milk bottles and 

the rubber nipples are not kept clean. Being a baby is the 
most dangerous Jife in the world, simply because older people 
are careless. And milk is one of the greatest sources of danger. 
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Bottles are not kept in the refrigerator, caps are removed 
and not replaced, glasses are not cleaned properly, hands are 
not washed before handling the bottles, the mouths of bottles 
are not kept clean, and in many other ways it is made possible 
for germs to get into the 
baby’s milk. 

Experiment 49: How may 

milk be contaminated? 


(a) Pasteurize a half- 
pint of raw milk, or use a 
small bottle of pasteur- 
ized milk. 

(b) Sterilize a test tube in boiling water for a half-hour, or 
by heating in a gas flame. Pour some of the pasteurized milk into 
the tube and stopper it with cotton. 

(c) Pour milk into a second sterilized test tube; allow the tube 
to stand unstoppered for a half-hour; then stopper it. 

(d) Wash a third test tube with ordinary cold water; without 
drying the tube, add milk and stopper it with cotton. 

(e) Examine the milk from 
day to day to note any 
changes, such as curdling, 
becoming watery, and pro- 
ducing bad odors. Do not 
remove the stoppers. What 
are your conclusions to the 
question asked in the experi- 
ment title? 


Fig. 192. Baby’s Milk Bottle 


Y 
WN 
if 
y f 
Sey, yy 
~ A 


Courtesy International Harvester Co. 


Exercise 11. Which bottle 
(Figure 192) do you think Fig. 193. Milk Pails 
is more sanitary? Why? 

Exercise 12. Which milk pail (Figure 193) is more sanitary? 
Why? 

Exercise 13. State as many ways as you can which help to 
eliminate diseases that may be spread by milk. For information 
in addition to that contained in the text consult your milk dealer 
or write to the city or state board of health. 
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Protect yourself against other impure foods. Raw oysters 
are always a source of danger, for they may come from water 
which contains sewage or they may spoil through improper 
handling. One case on record shows that oysters from polluted 
water near Long Island, New York, were shipped to several 
cities and within a short time caused fifteen cases of typhoid 
fever and nearly a hundred cases of diarrhea. Nearly every 
one who attended a banquet in one of the towns where the 
oysters were served became ill. Such danger can be reduced 
to a great extent by keeping a careful check on the water 
from which oysters are taken. It is equally necessary that 
they be packed immediately, that they be kept covered and 
cold during shipping, and that they be served while they are 
fresh. 

Meats, fruits, and vegetables must all be considered as 
possible germ carriers. They may have been kept in unclean 
and uncovered places where germs could get on them. Then 
if they are not thoroughly cooked or washed, the germs may 
get into our bodies. Foods of all kinds should always be 
covered (see Figure 87, page 105). Perhaps the greatest 
danger lies in the preparation of food for the table by those 
who fail to keep their hands clean and by disease carriers. 
You have learned in the case of ‘Typhoid Mary” but one of 
many instances where these people spread disease and bring 
sorrow to others. Unfortunately “carriers” cannot always be 
detected. There should, however, be laws, as there are in 
some cities, which require that cooks and waiters in public 
eating places be regularly examined. And in the home every 
precaution should be taken by one who has had a communi- 
cable disease to protect members of his family and his guests 
from impure food. The best way to do this is to have regular 
physical examinations and to keep the hands especially clean 
when handling food. 

Exercise 14. Enumerate the important methods which should 
be used to insure that foods, other than milk, come to your table 
pure and safe. 
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Exercise 15. Make a survey of the grocery stores, meat markets, 
fruit and vegetable stands in your neighborhood, and your kitchen 
and refrigerator to find sources of danger to your food. Make a 
written report on your investigation. If you find serious viola- 
tions outside the home, consult your teacher about writing a letter 
to the board of health explaining what you found. 
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Fig. 194. Control of Typhoid Fever in Newark, New Jersey 


A pure-water supply has reduced the death-rate from 78 per 100,000 
in 1892 to 3 per 100,000 in 1922 


Prevent water-borne diseases. Practically every large city 
in the world finds it necessary to expend much money to keep 
its water supply from becoming polluted, and to purify it. 
Similarly, in the country every precaution against water- 
borne diseases should be practiced. There are many cases 
known where epidemics of typhoid fever have been caused 
by impure water. Figure 194 shows how the death-rate from 
water-borne disease can be reduced by providing a pure water 
supply. Figure 195 shows the effect on the typhoid death- 


rate of such sanitary methods as sewage disposal and pasteuriza- 
tion of milk. 
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Fig. 195. Typhoid Death-Rate in Chicago (1890-1922) 
Serious epidemics raised the death-rate in 1891, 1892, 1901, 1902, and 
1903. Note the different factors which have helped reduce typhoid in 
Chicago. 


Exercise 16. Refer to Unit IV and enumerate the different 
methods used to protect people from the disease germs in water. 
Following each indicate how the method protects us. Thus: 


Mprruop PROTECTS US BY 


Proper construction of shallow Keeping germs out of the water 
wells, ete. 
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Fight the filthy fly. Manure piles, garbage cans, open 
toilets, rubbish piles, and sewage are the joys of a fly’s life. 
In these the fly finds its appetizing food and a most desirable 
place to raise its young. Here the female fly may lay from 120 
to 150 eggs at a single time. Four or five such batches may be 
laid during a season. Under proper conditions of warmth 
and moisture each of these eggs grows into a larva, or small 
white worm, in less than a day; the larva, or maggot, becomes 
a pupa after about five days; the pupa in turn grows into a fly 


Fig. 196. Four Stages in the Life of the Fly 


You see by examining the figure that a fly egg may develop into an 
adult fly in about 11 days. 


in five or six more days (Figure 196). Thus within a season a 
single fly may produce over 500 new flies, each of which 
endangers our lives. And as each female fly becomes two 
weeks old, she may lay eggs and so produce still more. Thus 
a single fly in April may multiply and bring into the world 
6,000,000,000,000 flies by September. 

It is clear that the most effective way to fight the fly is to 
prevent the fly from multiplying. Every one of the above- 
mentioned homes of the fly can be treated with chemicals 
which kill the fly eggs and which keep the fly from spending 
its time in such places. Thus, borax may be spread on manure, 
and lime or bleaching powder may be placed in garbage, 
open toilets, rubbish piles, and sewage. Garbage cans can be 
kept clean and covered, open toilets may be eliminated by 
building septic tanks, or they may be protected by screens, 
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rubbish piles can be burned or hauled away, and sewage can 
be mixed with water in septic tanks. (See page 133.) 

A second method of fighting the fly is to catch and kill the 
adult fly whenever possible. Sticky paper, poisons, fly traps, 
and fly swatters (Figure 197) 
are among the most effec- 
tive methods. You should 
bear in mind that for every 
adult female fly killed, you 
are really keeping millions 
of flies from coming into the 
world. This is especially 
true early in the spring. 
There is in these methods 
only one danger which you 
must remember, and that 
is the danger of some fly 
poisons to children and 
animals. 

The third method of 
guarding against the house 
fly is to keep it away from 
food materials and away . at 
from our bodies. How im- Mise: Fighting they. 

pei (1) Fly trap, (2) poison, (8) swat- 
portant this is can be seen ter, (4) sticky paper. 
from the fact that an ex- 
amination of the feet of more than 100 flies showed that each 
fly carried over 1,000,000 germs. These germs may enter the 
body with the food we eat or when the fly comes in direct 
contact with the mouth or an open sore. Flies in the house 
are, of course, particularly dangerous when a member of 
the family has a communicable disease. 


Exercise 17. Make a survey of your community to discover the 
presence of breeding places for flies. Report your findings. Or- 
ganize a school or a community squad to rid the community of 


flies in the spring of the year. 
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Exercise 18. Why should the baby be protected from flies when 
left to sleep in the open air? How can this best be done? 

Exercise 19. How can you help to keep flies from your house 
and from your food supply? Mention the different ways. 


Eliminate the mosquito. It is stated that malarial fever, 
spread by one kind of mosquito, causes one-half of all the 
deaths in the world. In some tropical regions, such as India, 
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Fig. 198. Control of Yellow Fever in the Panama Canal Zone 


In June, 1905, the United States took control of the Canal Zone. 
By destroying the mosquito the death-rate was reduced, as shown in 
this figure. 


millions of people have died of malaria in a single year. In 
our southern states there were from two to three million cases 
a year before scientists learned what caused the disease. 

Yellow fever, spread by another kind of mosquito, has 
been until recent years very common in certain parts of Amer- 
ica. In New Orleans, for example, nearly 8000 people died in 
1853, and over 4000 in 1878. You probably recall from your 
geography how the United States Government succeeded in 
constructing the Panama Canal only because Colonel Gorgas 
of the Army Medical Department and his helpers went to 
the Canal Zone before the laborers arrived, and eliminated 
much of the danger from both yellow and malarial fever 
(Figure 198). 
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The principal methods by which the danger from all kinds 
of mosquitoes can be controlled may be considered under three 
heads: (a) preventing their growth, (b) killing the larve and 
the pupe (Figure 
199), and (c) protect- 
ing ourselves against 
the full-grown mos- 
quito. The prevention 
of the growth of 
mosquitoes may be 
brought about by pro- 
tecting cisterns, cess- 
pools, rain barrels, 
sinks, and water pails 
-by screens or covers, 
by draining and clear- 
ing swampy regions, 
by burying tin cans 
and other unneces- 
sary receptacles in 
which water may 


stand, by avoiding 
throu ete water Each of these three kinds of mosquitoes 

© ie develops through the four stages: egg, larva, 
where it will stand pupa, adult. In the larva and pupa stages 
on the ground for they breathe through the breathing tubes 
some time, by keep- which extend upward above the surface of 


the water. 

ing the channels of 

streams clear of grass and weeds, and by draining standing pools 
along the banks (Figure 200). Killing the larve and the pup 
may be done by spreading oil on the water every few weeks in 
the spring (Figure 201) or by stocking any ponds with fish and 
frogs. The oil floats in a thin layer over the water. The larve 
and pupe, which must breathe, cannot get air because the oil 
fills their breathing tubes. Moreover, the adult mosquitoes 
cannot rest on the oily surface, and therefore cannot lay their 
eggs. Fish and frogs feed on the larve or wrigglers. The 


Gammon or Culex Malarial orAnopheles Yellow Fever or Aedes 


Fig. 199. Life Stages of Mosquitoes 
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remedies against the adult mosquito include screening our 
houses to keep mosquitoes out, fumigating, or disinfecting, to 
kill any mosquitoes 
which have rested 
in the house during 
the winter or have 
gained entrance 
later, and keeping 
any one who is sick 
with malaria or yel- 
low fever in a care- 
fully screened room 
so that no malarial — 


Fig. 200. Destroying Breeding Places of f 
Mosquitoes or yellow-fever mos- 


Mosquitoes breed rapidly in places like that quitoes may enter 


shown at the left. When the grass and bushes and get a new sup- 
are removed and the stagnant water drained 
away, they will not lay eggs there. . ply of germs to be 
passed on to others. 
Exercise 20. Make a survey of your community and report what 
you can do to eliminate the growth of mosquitoes in the spring 
of the year. 
Exercise 21. Make 
a complete outline 
of your knowledge 
about ‘Mosquitoes 
as Carriers of Dis- 
ease.” 


Control other dis- 
ease carriers. Sev- 
eral other living 
‘arriers or causes of 
disease are worth 


Nea 


‘ \ USAMA Sistine 

Courtesy U.S. Department of Agriculture 
our considering, al- Fig. 201. Fighting Mosquitoes With Oil 
though not so im- Oil is being sprinkled in the roadside ditches 
portant in most where mosquitoes find, breeding places. 


places as the fly and mosquito. In the fourteenth century 
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approximately twenty-five million people died in Europe of the 
terrible Bubonic plague which was spread by rats and fleas. 
Typhus fever spread by lice has caused many serious epidemics, 
and during the World War killed many 
soldiers. “Mad” dogs have bitten 
many people and thereby spread the 
germs known as rabies, which cause 
hydrophobia. Then there are also cer- 
tain worms which get into our bod- 
ies and rob us of our energy and life. 
Among these are the hook-worm, so 


common in regions where human SPECIFIC 


wastes are not properly disposed of renee: 
and where people go barefoot, the { PERFECT RELIEF AND CURE 
trichina (see Bigure 83, page 102), ASTHMA, HAY FEVER AND CATARRH 


Dr. N. TUCKER'S 


present in uncooked pork, and the Courtesy Am. Med. Ass'n. 

flatworm and the tapeworm, present Fig. 202 

; a ” Nae A Patent-Medicine 

in uncooked pork or beef. av ertidontene 
Exercise 22. Make an outline of all This so-called cure 


roe c ; ; contained cocaine, —a 
the principal ways mentioned in this Wabi forming dye eae ; 


problem in which disease may be was not a specific cure> _/ 
spread. for asthma or hay fevers C4 


PROBLEM 5: HOW CAN YOU HELP THE BODY PROTECT f 
ITSELF AGAINST DISEASES? vz . 

A good doctor helps the body protect itself. The greatest 
help in the treatment of the sick body comes through the 
advice and care of a good doctor. Guarding the health of 
human beings is his business. He has studied the human 
machine, its workings and its ailments. The first suggestion 
in helping the body is, therefore, not to try to treat a disease 
yourself, nor to call on a “quack” or “fake” doctor, nor to use 
patent medicines and ‘“‘dope” recommended by untrained per- 
sons (Figures 202 and 203). You will, if you are sensible call 
a doctor whose training has been the best and whose character 
is known and recognized to be above criticism. And you should 


222 PROTECTING OURSELVES FROM DISEASE 


call him early before any disease gets a firm hold on you. 
You should realize, also, the value of depending on the 
doctor and the dentist even when you are well. By regular 


When Others Fail 


Call and let us give you a-careful, pains- 
taking examination absolufely free. Our 
opinion and advice will cost you nothing 
Perhaps a little advice {3 all you need. 
X-Ray examinations, when necessary, free. 
No money required to commence treat- 
ment, and you cam arrange to pay fee 
when cured. 


FEES ONLY 


$5 to $10 


IN SIMPLE CASES 


You Can Pay Fee When Cured 


Courtesy American Medica] Association 
Fig. 203. An Advertisement of a Quack Doctor 


A reputable doctor does not advertise in this way; his reputa- 
tion spreads through his service to mankind. 


examinations these trained experts may save you days of 
suffering. How the doctor determines what help the body needs 
in case of sickness and what medicine, if any, should be given, 
is too difficult for us to understand at this time. 

Immunity is aided by vaccines and antitoxins.. Rest, good 
air, exercise, proper diet, and medicines are not the only 
means of helping the body fight disease germs. There are 
two other important ways which may be used to assist the 
white corpuscles and the chemical substances within the body 
in their fight against germs. Thus, certain vaccines and antitoric 
sera may be injected into the body to strengthen or reinforce 
the army of disease fighters and to make the body immune. 

The use of vaccines and their value may be illustrated in 
connection with smallpox. Dr. Edward Jenner, an English 
physician, in 1798 found that persons who were vaccinated 
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did not take smallpox. He obtained the vaccine from the 
swellings on cows that had cowpox, a disease something like 
“smallpox. All that was necessary was to place on scratches 
in the skin of persons some of the watery material, or lymph, 
from the swellings. As a result of his work and that of others 
the death-rate from smallpox has been greatly reduced, and the 
disease can be practically eliminated if people are regularly 
vaccinated. 

Today the vaccine is prepared in very pure form and so 
applied to the human body that there is little danger of infec- 
tion by other germs. The records of a certain city show 3811 
cases of smallpox over a certain period of years. One hundred 
seventy-one of these persons died, but among these there 
was not a single person who had been properly vaccinated. 
This is direct proof of the value of vaccination. Persons who 
are properly vaccinated develop a mild form of cowpox. Dur- 
ing this mild disease the body manufactures “anti-bodies’’ 
which overcome the disease and which remain for years to 
guard the body against attacks of smallpox. The average 
length of the immunity as a result of a vaccination is about 
seven years. 

Similar successful vaccination has been carried on against 
typhoid fever, para-typhoid fever, cholera, and rabies. When 
any of these vaccines is used, the body begins to manufacture 
the proper anti-bodies to fight the particular kind of germs. 
This method of producing immunity results in active immunity, 
for the body itself is active in making the anti-bodies. One 
illustration will show the great value of vaccination against 
typhoid fever. Among approximately 100,000 soldiers who 
took part in the Spanish-American War about 10,000 had 
serious cases of typhoid and 1500 died. In the World War 
all soldiers were vaccinated against typhoid and para-typhoid. 
Out of 4,000,000 soldiers there were only about 300 cases 
and 23 deaths. 

Antitoxins, given for diphtheria, tetanus (lockjaw), scarlet 
fever and certain other diseases, act in a different way from the 
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vaccines to produce immunity. The preparation of an anti- 
toxin is well illustrated by the method used in diphtheria. 
The diphtheria germs are grown in cultures in the laboratory. 
Here they produce their toxins. These toxins, without any live 
germs, are injected 
into healthy horses 
especially selected 
for the purpose. 
At regular periods 
of a few days each, 
more and greater 
doses of toxins are 
given the horse. 
Meanwhile his body 
° 300 1305 1910 1375 wz ° Manufactures more 
Fig. 204. Control of Diphtheria by Antitoxin and more antitoxin, 


The dotted line shows the death rate for until the blood con- 
different years in places which did not use tainslargeamounts. 
antitoxin; the heavy line shows the death 
rate for places using antitoxin. 


Rate Case Fatality (Deaths in Every Hundred Cases) Rate 
40) 


Some blood is then 
removed from the 
horse and from this the serum, or watery part of the blood, 
is taken. This serum, containing the antitoxin, is then injected 
into the body of one suffering from diphtheria. If this is done 
during the first day of attack by the diphtheria germs, the 
patient is well within a few days. If a patient waits two or 
three days before taking the antitoxic serum, he does not recover 
so quickly and certainly. And if he waits still longer, the 
serum does little good. This method of producing immunity 
results in passive 7mmunity, because the anti-bodies are made 
outside the human body. Figure 204 shows how the death 
rate from diphtheria may be reduced by the use of antitoxin. 


Exercise 23. How often should you be vaccinated against small- 
pox? Explain your answer. 

Exercise 24. Tixplain the differences between a vaccine and 
an antitoxin. 

Exercise 25. Now that you have finished your study of this 
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unit, write twelve good rules which everybody should follow to 
avoid contagious diseases. Thus: 


Rue 1. Keep in the best possible physical condition by proper 
sleep, exercise, rest, and avoidance of worry. 

Rue 2. Put nothing in your mouth but pure water, pure food, and 
a clean toothbrush. 


Review Exercise on Unit VII. (a) Turn back to the Preliminary 
Exercises and mark those which you answered incorrectly or failed 
to answer. Answer them at the end of your original answers. 

(b) Turn to the Table of Contents of Unit VII and see if you can 
give satisfactory answers to each of the problems in this unit. 
If you cannot do so, study the text until you can. 


ADDITIONAL EXERCISES AND PROJECTS ON UNIT VII 


1. Examine under a microscope the foot. of a fly, and make a 
drawing of it. 

2. Dip up a glass of water from a still pool of water in a swampy 
region. Examine to see if there are any mosquito larve (Figure 
199). If there are, keep the glass covered with a cloth and watch 
the larve develop into wrigglers and adult mosquitoes. 

3. Find out what regulations your state, county, or city has 
regarding protection of milk supply, water supply, food supply, and 
other sanitary measures. 

4. Persons sometimes “catch a cold” by sitting in a draft, 
getting wet feet, or not being covered properly during sleep. 
Explain how this is possible when such “colds” are really caused 
by germs. 

5. Make a survey of your home and its surroundings to find 
possible ways of spreading disease germs. Make a report of your 
findings. 

6. Explain why nurses and surgeons wear white flowing gowns 
and cover their mouths and noses in the operating rooms. 


UNIT VIII 


THE NATURE AND CONTROL OF FIRE 


PRELIMINARY EXERCISES 


1. Make a list of things in your room that wer@yade by the 
use of fire. 

2. In what ways would your life be changed if there were no 
fire? 

3. What part does fire play in the manufacture of automobiles 
and other machines? 

4. What is the best method of building a fire out-of-doors? . 

5. How are fires started and regulated in stoves and furnaces? 

6. What is left after wood is burned? What becomes of the wood? 

7. Some materials make a large amount of smoke when they burn. 
How do you explain this? 

8. Explain the expression “Fire is a good servant but a bad 
master.” 

9. How do you think man first obtained fire? 

10. Make as large a list as you can of materials which burn, 
dividing them into two classes, natural and artificial. (‘‘Artificial”’ 
means made by man.) Star the materials which are used for fuels. 

11. Explain why air rushes into a fireplace or the drafts of a stove. 


THE STORY OF UNIT VIII 


We shall never know how man first discovered that fire 
could be harnessed and made to work for him. His early 
acquaintance with fire may have come from a blazing forest 
set on fire by lightning; perhaps it came from a flaming vol- 
cano which lighted up the night and poured hot liquid rock 
and ashes down into the plains below. At first man probably 
regarded these happenings, or phenomena, of nature with awe 
or reverence; but soon his natural curiosity must have 
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triumphed over his fear. He found that fire could be used to 
cook his food, furnish light and heat for his shelter, and protect 
him from wild beasts. 

Many thousands of years have passed since primitive man 
first used fire for his simple needs, and with this passage of 
time, man’s knowledge of and 
dependence upon fire have great- 
ly increased. By its use he 
separates metals from their ores, 
he produces steam to run ma- 
chinery, and he makes the 
thousand-and-one articles which 
add to his comfort and _ effi- 
ciency. Can you picture what 
this world would be without fire? 

You have often heard how 
primitive peoples, like the Amer- 
ican Indians, obtained fire by 


rubbing ther two sticks of 

dried wo gure 205). The SS 
friction of ubbing surfaces Fig. 205. Obtaining Fire by 
caused enou heat to ‘“‘set Friction 

fire’ to dry, decaying wood, The upright stick is rotated by 


: ich was placed the hands. The lower end of the 
Ne i a each P stick is pointed and fits into a 


around the rubbing surfaces. small hole in the lower block. 
One of the Boy Scout tests 1s 

to start a fire by this method. Try it, using hard wood for 
the upright stick and soft wood for the block. 

Our great-great-grandfathers made fire by striking together 
two materials such as steel and flint. When these materials 
are struck together, sparks are produced, and these are allowed 
to fall on easily kindled substances. The old flint-lock musket 
used this method of firing. The steel hammer struck against 
a piece of flint, sending a spark into the powder held in the 
priming cup just below the flint. This powder burned, carry- 
ing the fire through a small hole in the barrel of the gun, and 
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lighted the firing-charge of powder inside the barrel (Figure 206). 
The modern friction gas-lighter and cigar-lighter (Figure 
207) operate in the same manner, a piece of flint being rubbed 


Hole in Barrel 
Priming Cup 
Fig. 206. A Flint-Lock Musket 
When the trigger is pulled, the 
flint strikes the steel, and a spark 
is sent into the powder in priming 


cup. The fire gets to the charge in 
the barrel through a small hole. 


by a circular piece of steel. 

It was not until 1827 that 
the first match which could be 
lighted by rubbing the tip was 
invented. This was made pos- 
sible by discoveries of chem- 
ists, who learned more about 
the nature of fire. Thus the 
uncertain methods of rubbing 
sticks together and striking 
sparks have given way to the 
match, which can be kindled 


at any time, at any place, and with very little effort. 
If you look around you, you see many materials which 


cannot be used for a fire, such as stone, 
soil, glass, brick, and water. Many other 
materials, such as paper, wood, cloth, bark, 
and coal, burn readily. Materials which will 
not burn are said to be incombustible, 
while materials which burn are known as 
combustible. The first requirement for a 
fire is a combustible material. 

Not all materials which burn are fuels. 
A combustible material is called a fuel if 
it has three characteristics: (1) it must 
start to burn at a fairly low temperature 
in ordinary air and continue to burn as 
long as the proper amount of air is sup- 
plied; (2) it must burn rapidly enough to 
produce sufficient heat for the use which 


Fig. 207. A Friction 
_ Gas-Lighter 
The barrel of the 

lighter is filled with 

gasoline, which 
comes up through 
the wick. 


we wish to make of it; and (3) it must be available in large 


quantities and at a reasonable cost. 


If a combustible material 


lacks any one of these characteristics, it cannot be called a 
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good fuel. Let us consider some materials, and see if they 
meet these requirements. 

We see at once that wood, coal, gas, and gasoline meet all 
of the requirements. A material like iron will burn in oxygen, 
but not in ordinary air. It cannot be classed as a fuel. Paper 
meets the first requirement, but does not give enough heat 
for the usual uses of fuels in stoves or furnaces. Many of our 
hard woods, such as oak, walnut, and 
mahogany, meet the first two require- 
ments, but their use for furniture and 
lumber makes them too expensive to 
be classed as important fuels. What is 
a good fuel at one time may not, be- 
cause of the discovery of new fuels or 
because it becomes scarce, be a good 
fuel at a later time. 

Though a fuel or combustible material is necessary for a fire, 
there are also other requirements. 

It is not always easy to start a fire in the woods or in a 
stove, even if you have good fire materials. Boy Scouts, Girl 
Scouts, and Camp Fire Girls know that the real trick of build- 
ing a fire is in arranging the wood or other fire materials. If 
the sticks are stacked around the center like the poles of an 
Indian wigwam (Figure 208) and the fire is started on the 
side from which the wind comes, a good blaze always results. 
The spaces between the sticks allow the air to come in and 
circulate through the wood. Without air the fire “goes out.” 
The second requirement for a fire is, therefore, a continuous 
supply of air. 

When you start a fire, you bring a lighted match to the 
paper or leaves. Why do the paper or leaves “‘catch on fire’’? 
The burning match gives off heat. This heat raises the temper- 
ature of the paper. The paper finally reaches a certain temper- 
ature at which it bursts into flame. This is called the burning 
temperature of the paper. Some materials, like coal and hard 
wood, have high burning temperatures; that is, they must 


if 


Fig. 208. How to Lay 
Wood for a Fire 
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be heated to a high temperature before they will burst into 
flame. Other materials, like paper and corn-cobs, have low 
burning temperatures. The third requirement is that the 
material be heated to its 
burning temperature. 

A fire has two outstand- 
ing characteristics: first, 
it always produces heat and 
light, and second, the ma- 
terial which burns changes 
to new materials and gradu- 
ally disappears. In order 
to understand the nature 
of fire we must find out 
the causes which are re- 
sponsible for these charac- 
teristics. For it is only 
through understanding that 
we can learn to control and use this wonderful gift of nature. 


Fig. 209. How a Fire Gets Air 


PROBLEM 1: HOW DOES A FIRE GET AIR? 


Convection currents supply a fire with air. When a ma- 
terial burns, fresh air must be constantly supplied. How does 
the fire do this? 


Experiment 50: How does fresh air reach the 
flame? 

(a) Place three or four matches at the 
side of a candle, as shown in Figure 209. 
Light the candle, place the chimney over it, 
and cover the top of the chimney. In a 
short time the candle goes out. Why? 

(b) Repeat (a), but do not cover the top _. 
of the chimney. Why does the candle con- Fig. 210. pppoe Estos 
: ‘ Experiment 50 
tinue to burn? 


4 The glass front can be 
(c) Arrange an apparatus as shown in fastened to the box with 


Figure 210. This is a box fitted with a gummed labels. 
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glass front. One hole is cut in the top of the box and another 
in the side near the bottom. A lamp chimney is placed over the 
hole in the top, and a burning candle is placed inside of the box 
directly under the hole. Hold a piece of 
smoking punk-stick or paper over the 
chimney which stands above the candle. 
Does the smoke move up or down? Now 
move the smoking paper or stick to the 
hole at the side of the box. What happens? 
This movement of the air caused by differ- 
ences in temperature is called a convection 
current. Why does a difference in tem- 
perature cause a convection current? (See 
page 57.) 


Exercise 1. Make a drawing of the 
apparatus, and show by small arrows the 
direction of the air currents through it. 
On the basis of this experiment and of 
Experiments 11 and 12, page 57, an- 
swer the question, 
“How does the 
fire provide its own supply of fresh air?” 


Fig. 211. Sectional View 
of a Stove 


== YY: The air supply of stoves and furnaces 
Chimney Showing must be regulated. Stoves and furnaces 
Damper Closed have two devices for regulating the 
amount of air which passes through them. 
Near the bottom of the stove are air 
openings called drafts (Figure 212). The 
size of the openings is regulated by a slid- 
ing cover (Figure 212). The draft regu- 
lates the amount of air which comes into 
the stove. A stove-pipe usually carries 
to the chimney the gases formed in burn- 


Draft Closed 
Fig. 212. Draftsand = ing. In this pipe a damper is placed (Fig- 


a Damper ure 211). The damper is a circular piece of 


metal which just fits inside the stove-pipe. It is shown closed in 
Figure 212, and open in Figure 211. _ When it is open, the gases 
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and smoke may pass out of the chimney; when partially closed, it 
prevents the hot gases from escaping up the chimney too rapidly, 
and thus more heat is given to the room. By adjusting the 
draft and damper, any desired amount of air can be obtained. 


Exercise 2. How would 
you arrange the drafts and 
damper on a stove when 
you start the fire? What 
change would you make 
after the fire is well started? 
When /you want less heat? 


“Te kerosene stove an 
tomatically supplies its 
air. The main parts of 
the kerosene cook-stove 
are the feed-reservoir, feed- 
pipe, burner, wick, and 
chimney (Figures 213 and 
214). The reservoir is usu- 
ally made of glass so that 
the oil level may always be seen. The oil flows by gravity 
through the feed-pipe and supplies the different burners. The 
burner holds the wick in place and is hollow in the center 
so that air may enter. Air may also enter around the burner 
on the outside of the wick. At the top of the burner is the 
jlame-spreader, which throws the flame outward. The chimney 
is placed over the burner, and above the chimney is the grate. 
Except for the flame-spreader, the construction of the kerosene 
stove is but little different from that of the kerosene lamp. 

To put the stove in operation, the reservoir is filled with 

a good grade of kerosene oil. The kerosene flows by gravity 
through the feed-pipe and is absorbed by the wick, through 
which it rises. The flame-spreader is then lifted up and the 
wick is lighted. When the flame encircles the entire wick, 
the flame-spreader is lowered and the height of the wick is 


Courtesy Cleveland Metal Products Co. 


Fig. 213. A Kerosene Stove 
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adjusted. The amount of heat produced is regulated by the 
height of the wick, which should never be raised high enough 
to touch the flame-spreader. The chimney prevents the heat 
from escaping at the sides, 
and the difference in 
weight between the hot — ck | 
air inside the chimney and Choe 

the cold air outside pro- 
duces a convection cur- 
rent. The hot air is forced 
out through the top of the 
chimney, over which the 
cooking vessels are placed. 


WICK 


a 
oe COLLAR 


WICK 
REGULATOR 


3 


BRASS WICK= 
TURES 


Exercise 3. Write a set of 
directions which you would 
send out with each oil stove 
if you were selling stoves. 


SPREADER 
LIFT : 


Courtesy Cleveland Metal Products Co. 


Gas burners require : 
: : Fig. 214. Parts of a Kerosene Burner 
careful adjustment of air. , F 
The feed-pipe carrying oil from the 


The gas burner is the  ;eservoir enters the bottom of the burner. 
most satisfactory cooking 

device. It takes up but little space, burns 

bint with little odor, is always ready, leaves.no 

h ashes or dirt, is economical, and can be regulated 

| so that the desired amount of heat can be secured. 

Air In the laboratory the Bunsen burner (Figure 

6a 42% 215), which uses natural or artificial gas for fuel, 

~~ igs the most frequently used apparatus. It is very 
similar to the burner used in gas stoves. 


Collar 


Fig.215. A Bun- 
sen Burner 


Experiment 51: How is the Bunsen burner constructed and 
how does it operate? 


(a) Unscrew the barrel from the base of the burner and remove 
the collar from the barrel. Observe the small hole in the delivery 
tube. Attach the delivery tube to a gas-jet, turn on the gas, and 
light it. Describe the flame produced. 
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(b) Turn off the gas and replace the barrel and collar. Turn 
the collar so that the holes are closed. Light the gas. Describe 
the flame produced. Turn the collar so that the holes are open. 
What effect does this extra supply of air have on the size and color 
of the flame? 

(c) Which is the hotter flame, the yellow or the blue? Obtain 
two beakers or tin cups of the same size. Pour just two inches of 
water in each beaker. Take the temperature of the water. Heat the 
water with the yel- 
low flame for three 
minutes and record 
the temperature. 
Without changing 
the amount of gas, 
turn the collar so 
that the holes are 
open. Heat the 
other beaker of water 


Fig. 216. Burner of a Gas Stove for three minutes, 
recording the tem- 


The gas enters through the gas line and is 
mixed with the proper amount of air in the mix- perature befor e and 
ing chamber. after heating. What 


do you conclude? 

(d) Where is the hottest part of the blue flame? Hold a wire 
gauze horizontally at the highest point of the flame, then lower 
it until it is just above the inner blue cone, and finally hold it 
just above the barrel of the burner. In which part of the flame 
would you place a material to heat it in the least time to the highest 
temperature? 

(e) Why is the blue flame hotter than the yellow flame? Hold 
a white dish in the yellow flame. Note that a black substance, 
carbon, collects on the dish. Repeat, holding a clean white dish 
in the blue flame. Is carbon given off by the blue flame? In 
which flame is the greater amount of burning taking place? Why? 
Recalling that the blue flame is smaller than the yellow flame 
when the supply of gas is the same, you can now give two reasons 
why the blue flame is hotter than the yellow. What are they? 


Exercise 4. Write a report on Experiment 51, including answers 
to all questions. 
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The kitchen gas-stove burner (Figure 216) is similar in con- 
struction and operation to the Bunsen burner. Examine your 
gas burner at home and locate the gas line, or delivery tube, azr 
regulator, and mixing chamber. Turn on the gas and light it. 
Are the small flames blue or yellow? If the tips of the flame 
are slightly yellow, the flames smoke. In adjusting the air 
supply, the holes are usually opened until the flame “strikes 
back,” or explodes, when it is lighted. The holes are then 
closed slightly until no explosion takes place when the gas is 
lighted. This produces a mixture which secures the greatest 
quantity _of yheat from the smallest amount of gas. 


Exercise %. What is the difference in the operation and construc- 
tion of aSBunsen burner and the kitchen gas stove? 


PROBLEM 2: WHAT DOES A FIRE TAKE OUT a 
OF THE AIR? 


A fire uses but part of the air. Until 1777 it was thought 
that all of the air was necessary for burning. Previous to 
that time a gas had been discovered in which materials burned 
very brightly, but the experimenter did not know that this 
same gas was present in air and caused burning. You can 
readily prepare this gas in the laboratory. 


Experiment 52: How can the gas which causes 

burning be prepared? 

(a) Place enough red rust of mercury in a test 
tube to make a layer about one-eighth inch deep 
in the bottom of the tube. Heat the bottom of 
the tube, holding it in an inclined position (Figure 
217) and rotating it slowly to heat it evenly on 
all sides. From time to time thrust a glowing 
splinter of wood into the tube. What happens? 


How do you account for this? } pak rats 
(b) Continue heating the tube until the red Experiment 52 

powder has completely disappeared. Remove the 

tube from the flame, and, holding the mouth downward, tap it 

against a piece of paper on the table. What comes out? 
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Lavoisier, one of the first great chemists, proved that this 
gas was the true cause of burning. By a series of experiments 
he showed that metals take this gas out of the air when 
they rust and that fuels will not burn in air from which this 
‘gas is removed. But if a rust, such as red rust of mercury, 
is heated and the gas passed back into this air, materials 
will again burn in it. In this way he demonstrated that the 
burning of fuels and the rusting of metals are caused by the 
same kind of gas. He called this gas oxygen. 

How much of the air is oxygen? This question may be 
answered by experiment. Iron rusts when it is placed in air. 
When it rusts it takes up oxygen. You may take advantage 
of this characteristic of iron to find what part of the air is 
oxygen. 


Experiment 53: What is the percentage of oxygen in the air? 


(a) Fill a test tube with water and then pour_out the water. 
This leaves the inside wall of the test tube moist. Sprinkle a 
pinch of iron filings or iron powder into the tube so that the 

filings are seattered over the inside wall. Invert 
) the tube into a glass of water, and allow it 
to stand until the next day (Figure 218). 
What happens? How do you account for this? 
(See Experiment 22, page 122.) 

(b) Hold the tube so that the water levels 
inside the tube and in the glass are the same. 
Place your finger or thumb over the mouth of 
the test tube, remove the tube from the glass, 
and turn it mouth upward. The water flows to 

Fig. 218. the bottom. Remove your finger and lower a 

Apparatus for lighted match into the tube. What happens? 

Experiment 53 Why? Does this prove the conclusion you 

reached in part (a)? Why? 

(c) Measure the entire length of the tube, and then divide the 
length of the water column in the tube by the length of the tube. 


The result you obtain will be the percentage of oxygen present in the 
air. Why? 
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Careful experiments have shown that approximately 21 per cent 
of the air is oxygen. Compare the results which you obtained with 
the actual percentage of oxygen in air. How do you account for the 
difference? (See Table VI, page 150.) 

Exercise 6. Why must fire have a constant supply of fresh air? 

Exercise 7. Why do materials burn more brightly in pure oxygen 
than in ordinary air? 


PROBLEM 3: WHAT IS FLAME? Al ae 


A burning piece of wood is hot. Before it is lighted, it is 
at the same temperature as the air around it. What is the 
source of the heat? In order to answer this question you 
must first consider some of the methods of producing heat. 
If you rub a coin on your sleeve a few minutes, it gets hot. 
The longer you rub, the hotter it gets. Like the wood before 
burning, the coin is cold before it is rubbed. In the rubbing 
of the coin, the energy of your muscles is transferred to the 
coin in the form of heat. Heat is simply another form of 
energy. Electricity is also a form of energy. When elec- 
tricity is passed through the wires of an electric toaster, the 
electrical energy is changed into heat energy. One form of 
energy can thus be changed into another form of energy. 


Exercise 8. Make a list of as many energy changes as you can. 
For example, electrical energy changes to light and heat energy in 
the electric lamp. 


If you pour a few drops of glycerine on a small pile of pow- 
dered potassium permanganate, the mixture will burst into 
flame and produce both heat and light. The potassium 
permanganate and glycerine possess energy which is changed 
into heat energy whenever they come in contact. The energy 
which they possess is called chemical energy. All materials 
contain chemical energy. Under certain conditions this 
energy can be changed into heat energy. This is what takes 
place when a material burns. The chemical energy of the ma- 
terials entering into the burning is changed into heat energy. 
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When things burn they also produce another kind of energy 
which we call light, and we say that the materials burn with 
a flame. Perhaps the simplest way to understand how the 
flame is produced is to study a burning candle. 


Experiment 54: Where does the burning 
take place in a candle flame? 


Hold a match stick horizontally 
across the flame of a candle (Figure 
219) just above the wick, until it starts 
to burn. Remove it quickly from the 
flame and extinguish it. Examine 
the stick. Does the burning take 
place inside of the flame or on the 
outside of the flame? 


Fig. 219. Apparatus for ; 
Experiment 54 When a candle burns, it  be- 


comes shorter and shorter. The 


wax of which the candle is composed melts. The liquid 
which is formed may be seen in the cup-shaped cavity at the 
top of the candle around the base of the wick. 


Experiment 55: How does the wax get to the part of the flame 
where the burning takes place? 


(a) Light a candle, and when it is burning well, rapidly lower 
a piece of white paper, held in a horizontal position, downward 
untilit just touches the wick, and then remove it quickly. Examine 
the piece of paper at the point where it touches the wick. What 
do you see? Account for the result. 

(6) Obtain a glass tube about six or seven inches long and 
about three-eighths inch in diameter, drawn to a small opening 
at one end. The opening should have a diameter about one-half 
as great as the diameter of the tube. Warm the tube, and then 
hold it in the candle flame, as shown in Figure 220. Light the 
gas which comes out of the end of the tube. This gas is unburned 
wax gas. It is formed at the wick because of the heat of the flame 
which turns the liquid to a gas. When it reaches the outer part 
of the flame, it combines with oxygen and burns. 
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Exercise 9. On the basis of Experiments 54 and 55 and what 
you know about the nature of burning, write a scientific explanation 
in answer to the following question: ‘How does a candle burn?” 


You know now how a candle 
burns, but you do not know why 
it burns with a visible flame. 


Experiment 56: Why does a candle 
A burn with a visible flame? 

a) Hold a white porcelain dish in 
a candle flame for a minute. Remove 
the dish and examine the part which 
was in the flame. What do you ob- 
serve? This material is carbon. How 
would you describe carbon? 

(6) Light a Bunsen burner and 
close the holes by turning the collar 
at the bottom. Repeat (a). Do you get the same result? 

(c) Light a Bunsen burner and open the holes. How does the 
flame compare with the flame obtained when the holes are closed? 
Repeat (a). Do you get the same result? Obtain a match which 
is thoroughly charred, and powder it. Introduce some of this black 
powder into the holes of the Bunsen burner. What effect does 
this have on the color of the flame? Note that when the particles 
are heated, they glow and color the flame. Scrape some of the 
carbon off the white dish and introduce it into the holes of a Bunsen 
burner. Do you get the same results as with the charred match? 


Fig. 220. Apparatus for 
Experiment 55 


Exercise 10. Explain how the last experiment proves that the color 
of the flame is due to glowing carbon particles. 


All materials which burn with a flame change to a gas 
before they combine with oxygen. When the oxygen combines 
with the gas, great heat is produced. This heat raises the 
temperature of any solid particles which may be in the gas 
until they glow, thus giving a color to the flame. In case 
there are no solid particles in the flame, the flame has no 
color; it is a non-luminous flame. All our common fuels burn 
with a visible flame caused by the glowing carbon particles. 
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PROBLEM 4: WHAT BECOMES OF MATERIALS WHEN 
THEY BURN? 


You know that fuels decrease in size when they burn (Figures 
221 and 222). A candle gets shorter and shorter until finally 
only a very small part of it remains. Experiments have 
shown you that part of the candle goes into the air in the form 
of tiny black particles of carbon. This, however, does not 
account for the entire candle. 


errr es x 


sevens! ee 
F iS 


PREPS 
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Courtesy Grinnell Co. 


Fig. 221. A Famous Hotel Before Destruction by Fire 


Most candles are made of a white solid called paraffin. 
It is composed of two substances: one of these is carbon, and 
the other is a colorless gas called hydrogen. It is hard to 
realize that a white solid could be made of a black solid and 
a colorless gas, yet this is true. You have seen in an earlier 
experiment that red rust of mercury consists of oxygen, a 
colorless gas, and mercury, a heavy silvery liquid. Both 
paraffin and red rust of mercury are compounds; that is, they 
are composed of more than one simple material. Oxygen, 
hydrogen, carbon, and mercury cannot be divided into simpler 
materials. They are therefore called elements. (See page 90.) 


Experiment 57: How does mixing two materials together differ 
from combining two materials? 


(a) Mix together equal parts by volume of sulphur and iron 
powder. Use enough of each so that you will have about one- 
half test tube of the mixture. 
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(6) Examine the mixture of sulphur and iron. Can you dis- 
tinguish one from the other? Pour about one-fourth test tube of 
the mixture into water and shake thoroughly. Allow the mixture to 
stand for a few minutes. Are the materials now separated? Why? 

(c) Place about one-half inch of the mixture of iron and sulphur 
which you made in (a) in a test tube. Heat the test tube in a 
flame until a red glow spreads throughout the mixture, arid then 
remove the tube from the flame. Allow the contents of the test 


ae Grinnell Co. 
Fig. 222. What Was Left of the Hotel After Burning 
What has become of the solid materials of which the hotel was built? 


tube to cool, and then break the test tube so as to secure the 
material. Crush the material. Examine it carefully. Can you 
distinguish between the iron and the sulphur? Pour the ma- 
terial in a test tube of water, shake it, and allow it to stand 
a few minutes. Compare your results with those obtained in (0). 


You see from this experiment that when two materials are 
simply mixed together they do not change chemically. When 
two materials combine, as the iron and sulphur do when 
heated, a new material is formed which does not possess the 
same properties as the original materials. 

Now that you know paraffin is a compound of carbon and 
hydrogen, you can determine by experiment what becomes 
of it when it burns. 
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Experiment 58: What becomes of a candle when it burns? 


(a) Light a small candle and place a clean dry beaker mouth 
downward over the flame for a few seconds. Notice the film which 
covers the inside wall. This film is water. Another name for 
water is hydrogen oxide. It is formed by the 
combination of hydrogen and oxygen. 

(b) Light a candle and lower it into a clean 
bottle or jar. Cover the jar (Figure 223). When 
the flame “goes out,’ remove the candle and 
pour enough limewater into the jar to make a 
layer about one-half inch deep. Cover the jar 
quickly with a glass plate and shake the contents. 
Observe that the limewater turns milky. Chem- 
ists have found that limewater turns milky only 
when a gas called carbon dioxide is present. 


Fig. 223 
Apparatus for Ray ohh : 
Experiment 58 The carbon dioxide is produced by the combina- 


tion of carbon and oxygen. 


The preceding experiment shows you that carbon dioxide 
and water are formed when a candle burns. Both of these 
materials are compounds, and when in the form of gases 
are colorless. To form them the oxygen must have combined 
with the elements in the paraffin. You can say, therefore, 
that when a material burns it combines with oxygen. 

Our common fuels, such as wood, coal, gas, and petroleum, 
contain carbon and hydrogen; like the candle they also com- 
bine with oxygen and form carbon dioxide and water. If 
the temperature of the flame is hot enough to keep them at 
their burning temperature and there is plenty of oxygen, 
these fuels will disappear in the same manner as the candle. 
Of course, in wood and coal there are minerals which will not 
burn; these are left as ashes. (See page 88.) When large 
amounts of fuel are thrown on a fire, the fire generally smokes, 
because there is not sufficient heat to raise the fuel to the 
burning temperature nor enough oxygen to burn it. 

Exercise 11. Why do materials disappear when they burn? 


Exercise 12. State two reasons why a lamp smokes if the wick 
is turned too high. 
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PROBLEM 5: WHAT ARE OUR COMMON FUELS? 


Our modern life is dependent to a great extent upon fuels. 
Without fuels, fire could not serve its purposes and life would 
be very primitive indeed. The wonderful progress which 
man has made in recent centuries depends to a great extent 
upon the principal uses to which fuel is put, namely, light, 
heat, and power. 

The enormous quantity of the most important fuels used 
in the United States is almost unbelievable. Table VII shows 
the annual amounts used during recent years. 


TaBLE VII: Fuets Usep In THE UNITED STATES 


FRAT ORCORM ede Omi seen aes 48,824,127 tons (1922) 
SoOLbsCOal’. guy)... eee ee 422,268,900 tons (1922) 
\AVGTOGIO”, Diao cee tne RNS Sie 100,000,000 cords (1923) 
COR Carat hie ta tectiolis Aina, Bete 55,487,000 tons (1923) 
Petroleum consumed*....... 711,000,000 barrels (1922) 
Na GUT ae OAS. ar cere eee 762,546,000,000 cu. ft. (1922) 


*Not all used for fuel. 


Wood is still an important fuel. Wood was in many places 
probably the first fuel. It was easily obtained and the 
supply was plentiful. The early pioneers in the United States 
were wholly dependent upon it. But as the population 
increased, more land was needed for farming and more tim- 
ber for building. The land was cleared to make way for 
fields of grain and other food-producing plants. Timber was 
necessary to supply man’s wants, that is, to build him a shelter, 
to keep him warm, to make furniture, and to furnish him 
with the tools and conveniences which made possible a more 
comfortable and more efficient life. So the forests gradually 
disappeared. 

As wood became less plentiful, it became more expensive. 
It had to be shipped greater distances, and the cost of ship- 
ping was added to the cost of cutting. These additional 
costs made it more expensive than coal, especially in cities 
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where enormous amounts of fuel were used. The coal could 
not only be produced and shipped more cheaply, but it required 
less space for storage. You see the truth of this statement 
when you realize that a wagon-load of coal gives about three 
to four times as much heat as a wagon-load of wood, or that 
a pound of coal gives as much heat as two pounds of wood. 

The clearing 
of the land and 
the many uses of 
wood for other 
purposes caused 
a great decrease 
in the amount 
used as a fuel. 
Even so, ap- 
proximately one 


A Sa SANG 


Fig. 224. Soft Coal Fig. 225. Hard Coal 


ae tex hundred million 

The soft coal breaks along definite lines, pro- aris Mortal 
ducing jagged surfaces. Hard coal will not crumble 

and shows curved surfaces. wood are used 


every year in the 
United States. At a cost of four dollars and seventy-five cents 
a cord this has a value of $475,000,000. 

Coal is our most important fuel. The two principal kinds 
of coal are hard, or anthracite, and soft, or bituminous (Figures 
224 and 225). In the mining of coal, shafts are sunk into the 
ground and tunnels, or galleries, run off from them at different 
levels. The coal occurs in horizontal layers (Figure 226). 
The composition of coal is the real basis upon which coals 
are classified by scientists, because it is the composition which 
will determine the properties and uses of the coal. Table VIII 
shows the composition of these two kinds of coals. Note the 
large amounts of fixed carbon in the anthracite and the high 
percentage of volatile matter in the bituminous. ‘Volatile’ 
refers to the part which escapes as a gas when the coal is 
heated; ‘‘fixed carbon” refers to the carbon that is left after 
the gases are driven off. 
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Keystone View Co. 
Fig. 226. Mining Soft Coa! 


These men are using an electrically operated device for cutting channels 
into the coal so that it may be more easily loosened and broken up. 


Anthracite coal is frequently used in heating houses, be- 
cause it is a clean fuel. It contains so little volatile matter 
that it burns with practically no smoke. Since it burns slowly, 
stoves or furnaces need to be filled but once or twice a day. 
Bituminous coal is by far the more important kind. Manu- 
facturing plants and locomotives use enormous quantities of 
it for generating steam power, and many buildings are heated 
with it. Since the coal contains so much volatile matter, 


TasBLe VIII: Composition OF SAMPLES OF COAL 


ANTHRACITE BITUMINOUS 
AKO CCan DONG Pas Gc cs oreo Se 95.4% 54.2% 
Volapilesmievietece scat «tea: c 1.8% 40.8% 
IVEGISTULC temetieras ses cunts yssens oot 3.38% inn WY, 


much smoke results from its burning, unless the amount of 
fuel, the supply of air, and the temperature of the furnace 


are carefully controlled. 
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Gnareay U.S. Geological Survey 
Fig. 227. Principal Coal Fields of the United States 


Note the small anthracite field. There are a few minor deposits of 
hard coal in other sections of the United States. 


Exercise 13. The principal coal fields of the United States are 
shown in the map (Figure 227). From this map make a list 
showing the different states which produce 
hard and soft coal. 


Gas is manufactured from coal. Soft 
coal is also employed in the making of coal 
gas, which is used in many cities for f vel. 


Experiment 59: How can you make gas 
from soft coal? 


Set up an apparatus as in Figure 228. 
Remove the stopper from the test tube and 
place in the tube a number of small pieces 


Fig. 228. A tus f 
BS Erpeanients6os °F of soft coal. Replace the stopper and heat 


the tube by moving a flame back and forth 
under it. Observe what happens. When smoke comes from the 
small opening at the end of the delivery tube, bring a flame to this 
opening. What happens? Heat the test tube until no more gas is 
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obtained. Allow the tube to cool. Break the tube and examine the 
contents. This is coke. Also note the brown liquid on the sides of 
the tube. This liquid is coal tar. 

In the commercial manufacture of coal gas, the coal is 
heated in iron retorts (Figure 229). The gas which is driven 
off from the coal contains coal gas, coal-tar gas, and ammonia 
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Fig. 229. A Coal-Gas Plant 

There are three steps in the process of making gas from coal: first, 
the gas is liberated from the coal in the retorts; second, the gas is puri- 
fied; third, the gas is collected for distribution. 
gas. These gases pass upward to the hydraulic main, which is 
a long horizontal pipe containing water. Part of the ammonia 
gas is absorbed here. In the condenser the coal tar is con- 
densed and collects in the tar well. In the scrubber the rest 
of the ammonia gas is absorbed by the spray of water. The 
purifier contains various chemicals which combine with any 
sulphur compounds contained in the gas. The gas collects 
in the gas holder, from which it is distributed to the consumer. 

Exercise 14. How does the gas you prepared in Experiment 59 
differ from commercial coal gas? 

Gas is sold at a certain rate per 100 cu. ft. The cost varies 
in different places and at different times. Large manufactur- 
ing plants which consume enormous amounts of gas obtain 
their supply at a lower rate than do private consumers of small 
quantities. The gas meter measures the volume of gas burned, 
and our gas bills vary with the quantity used. The meter 
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indicates exactly the number of cubic feet of gas which pass 
through it. The operation of the meter is rather complex 
and difficult to understand, but anyone can read his gas meter 
by knowing how 
the small dials and 
hands indicate the 

CUBIC FER oe 


Exercise 15. Sup- 
pose Figure 230 
shows the reading of 
the meter on the 
first day of a month, 

Fig. 230. Reading of Gas Meter on First and Figure 231 

Day of Month is 20,400 cubic feet shows the reading on 

, the last day of the 

month. Suppose also that the cost of gas is $1.10 per 1000 cu. ft. 
What will be the gas bill at the end of the month? 


The use of oil for fuel is increasing. In recent years the 
use of oil, or petroleum, for fuel has increased tremendously. 
A large number of 
ships are now burn- 
ing oil instead of 
coal, because it has 
been shown that for 
their use, oil is 
cheaper, cleaner, 
and produces less 
smoke than coal. 
eat, ac a Fig. 231. ee of Gas Meter on Last 

ay of Month 
also rapidly gain- 
ing a hold. Oil is slightly more expensive than coal for 
this purpose, but oil furnaces are much more easily regu- 
lated than coal furnaces and require much less attention. 

The petroleum, called crude oil, is obtained from the ground 
by drilling holes through the soil and rock into the oil-bearing 
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layers (Figure 232). The rocks in which the oil is found are 
called pay-sands. The crude petroleum which comes from 
the wells is a black oily liquid. It contains gasoline, fuel oil, 
kerosene, lubricating oil, para- 
ffin, and several other ingredients. 
Each of the liquids present in 
the crude oil has its own boiling 
point, and therefore each of the 
ingredients can be separated from 
the others. The oil is put in a 
large retort and heated for several 
hours to the boiling point of the 
most volatile liquid. The gas 
which comes off is led through a 
pipe cooled by water flowing 
over the pipe. The gas con- 
denses, and the liquid flows from 
the pipe to be collected in tanks. 
Then the temperature is raised 
to the boiling point of the next 
most volatile liquid, until it has 
changed to a gas, and so on 
until the gases cease to be formed. 
This process is called fractional 
distillation. The remaining ma- 
terial, a black tarry liquid, is HE ilatot clog 
cooled suddenly, and flakes of Theol ieee ee 
ane , . pouting into the air 
paraffin appear in it. This mix- through the center of the derrick. 
ture is then poured through a 
cloth. This holds the paraffin, which is later purified. 


Underwood and Und 


Exercise 16. What is the difference between the distillation of 
water and the distillation of petroleum? (See page 138.) 


Natural gas is used in many regions. Natural gas is 
obtained in much the same way as oil. When the drill-pipe 
reaches the gas layer, the gas, being greatly compressed by 
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the layer of rock above, rushes out of the pipe with great 
force until the well is exhausted. Pipes carry the gas to stor- 
age tanks near the well or in neighboring cities. 

Conservation of fuels is necessary. The amount of fuel 
used in the world is so great that we may soon be faced with 
a fuel shortage. For this reason we must conserve our fuels. 
There are several ways in which this may be done. One 
way is to eliminate waste in handling and storing. Enor- 


Keystone View Co. 


Fig. 233. A Burning Oil Well 
Millions of dollars’ worth of oil are destroyed every year by fire. 


mous quantities of coal and wood are left on the ground and 
are never recovered. It is a common practice in boring for 
oil to “blow off” the gas which accompanies the oil in order 
to get the more valuable product. Great quantities of oil 
are lost because of fire and careless handling at the wells 
(Figure 233). Proper care of fuels will prevent great waste. 
A common method of wasting fuel is burning without the 
correct amount of air. Nearly one-third of the heat value of 
the coal used in our country passes up the chimney. This 
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loss can be eliminated by the proper control of the drafts 
and by proper feeding of the fuel. New inventions on stoves, 
furnaces, and heating devices of all kinds are needed as aids 
in the saving of fuel. Thus, by means of making our heating 
devices more efficient we have another way by which we may 
conserve fuel. 

The development of water power is one hope for the solu- 
tion of the fuel problem. Very little of the water power avail- 
able in this country is utilized. Water power may be used 
to generate electricity, which can be transported long dis- 
tances to run our machinery and furnish us with light and 
heat. If all this available power were used, it would result 
in a great saving of coal. 

What the future has in store for us in the way of new fuels 
cannot be predicted. Fuels having as their sources some 
new materials may be developed. There will always be a 
demand for fuel, and if new materials are found, they in turn 
will some day be exhausted, and new sources must again be 
found. 


Exercise 17. Make a summary of the principal ways by which 
our present supply of fuels may be conserved. 
Exercise 18. List the ways in which you can help save fuel. 
PROBLEM 6: HOW CAN DESTRUCTIVE FIRES BE _— 
PREVENTED? 


) 


“Fire is a good servant but a bad master.’”’ When properly 
controlled, fire serves us in many important ways. Once 
beyond control, it is very dangerous and destructive. You 
have only to consider the great losses due to fire to appre- 
ciate the truth of this statement. In the United States alone 
the losses caused by fire amount to nearly one-half billion 
dollars every year. This loss would build 50,000 houses at 
10,000 dollars each. Add to these material losses the suffering 
of the injured and homeless and the lives lost, and you are 
impressed with the great necessity for better methods of fire 
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Keystone View Co. 


Fig. 234. A Million Dollar Fire 
Beautiful homes had occupied this area. 


control (Figure 234). A great fire-extinguisher company states 
this loss in the following words: 


All of the buildings burned in the United States in a single year, 
if placed on one side of the street, would make a dreadful avenue 
of desolation reaching from Chicago to New York City, the mile- 


stones of which would be the charred bodies of human victims 
of fire. 


When one realizes that the majority of destructive fires are 
preventable, this tremendous loss of property and human lives 
is even more terrible. The development of new fireproof build- 
ing materials and increased care in the construction of buildings 
have done much towards preventing the rapid spread of fire, 
but the real prevention of fire is in the hands of the individual. 
If every person would make a continuous effort to take the 
proper precautions when using fire materials, this great loss 
would be nearly eliminated. 

The causes of these destructive fires may be classified under 
three heads. Table IX shows these three classes, and’ under 
each suggests several causes which belong to that class. 
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TasuE IX: Causes or PREVENTABLE FIRES 


1. CARELESS HANDLING OF FIRE AND FIRE MATERIALS. 


Throwing lighted matches on combustible materials. 

Allowing trash piles to accumulate. 

Dumping ashes that contain live coals. 

Overheating stoves. 

Burning out of chimneys containing much soot. 

Rolling up oily rags (spontaneous combustion). 

Storing coal where little air circulates (spontaneous combustion). 

Storing uncured hay (spontaneous combustion). 

Lighting matches in a garage. 

Bringing lighted matches near gasoline tanks. 

Using gasoline or chloroform to clean clothes. 

Filling kerosene or gasoline lamps while using a lamp to furnish 
light. 

Placing a lamp or a lantern where it can be easily upset. 

Starting fires in stoves with kerosene or gasoline. 


2. ELECTRICITY. 


Driving nails into electric wires and causing ‘‘short-circuits.”’ 
Using wrong kind of fuse for the kind of circuit. 

Attaching too many electrical devices at the same time. 
Using wires too small for a heavy current. 

Rubbing the insulation off wires. 

Wiring buildings without proper insulation. 


3. FAULTY CONSTRUCTION OF HEATING DEVICES AND BUILDINGS. 


Defective oil stoves. 

Leaking gasoline tanks. 

Stoves placed over wood or carpets. 

Fireplaces without screens. 

Poorly constructed flues and chimneys. 

Running pipes near combustible materials. 

Improper closing of openings between rooms and corridors. 
Using combustible materials for buildings. 


Exercise 19. Add 10 other causes of preventable fires not in- 
cluded in this list. After each cause, list some method or methods 
of preventing fires due to that cause. 
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PROBLEM 7: HOW ARE FIRES “PUT OUT”? 


To prevent a fire is less difficult than to put it out. How- 
ever, the fire can be extinguished easily while it is small. You 
have only to keep in mind the requirements of a fire. Every 

method of extinguishing fire does one or 
both of these things: (1) it cuts off the 
supply of air, or (2) it cools the fuel below 
its burning temperature. 

When water is thrown on a fire, it cuts 
off the supply of air by covering the fuel 
with water and with the steam which is 
formed. The water also cools the fuel below 

. the burning temperature. For extinguish- 
\ing small fires but little water is necessary, 
since the amount of heat given off by the 
fire is not great. In large fires there is so 
much heat that it is sometimes 
difficult to cool the fire. More- 
over, the water cannot easily 
reach all parts of the burning 
materials even when thrown by 
the fire engines. Water is the 
Courtesy PyrneGo, ost important fire extinguisher 
Fig.235. ACommer- because it is available in large 
fpiestmaaniyiianes: © SSCS jee 4 eget 
Carbon-dioxide extinguishers 
may be used. for some fires. You recall that carbon 
dioxide is a product of burning and cannot therefore 


itself burn, You might expect it to be a good fire sea ise al 


axtinoisher if 7 5 View of Car- 
xtinguishe ‘ .way a fire c , f Ce 
extinguisher, if, in some way a fire could be covered boneDicede 


with the gas, which would cut off the supply of fresh Fire | Extin- 


. : c 998 = Ale guisher 
ar. Figures 235 and 236 show a carbon-dioxide ex- 


tinguisher. Note the small bottle of sulphuric acid which is 
attached at the top, the solution of baking-soda in the tank, 
and the position of the tube. 
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Experiment 60: How is a carbon-dioxide fire extinguisher 
made and used? 


(a) Dissolve a few spoonfuls of baking-soda (sodium bicarbon- 
ate) in about a half-pint of water. Place the solution in a glass 
or beaker and then add to it a few drops of concentrated sulphuric 
acid. The gas given off is carbon dioxide. 

(b) Set up a small demonstration fire ex- 
tinguisher like that shown in-Figure 237. The 
solution of soda is made in the way described 
above. This should fill the bottle about two- 
thirds full. Place sulphuric acid in the small 
vial to a depth of one inch. Insert the stopper 
tightly by a twisting motion. Now invert the 
bottle quickly, emptying the acid into the soda 
solution, direct the stream of liquid into a pail on 
the floor, and bring it to an upright position. 
Be careful that the stream of liquid does not Fig. 237. Demon- 
come in contact with your clothing. Here you seers y ag 
have a real carbon-dioxide fire extinguisher. 

(c) Refill the extinguisher and. test it on a small paper fire out- 
of-doors. 


soolum 4 
BICARBONATE 


\h <WATER| | 
Ca 


In some commercial extinguishers the bottle is placed in 
such a position that, when the tank is inverted, the acid will 
flow out. In others the cover is fitted with a screw-plunger 
which, when screwed down, breaks the bottle and allows the 
acid to mix with the soda solution: The carbon dioxide col- 
lects above the water in the tank. Soon the pressure of the 
gas is great enough to force the water out of the tube. If the 
gas is made very rapidly, the water spurts from the tube 
and can be thrown on a fire at some distance. The water 
lowers the temperature of the fire and cuts off the supply of 
oxygen. The carbon dioxide also helps to cut off the oxygen 
supply, because it is about one and one-half times as heavy as 
air. In a closed room where there are no currents of air, 
the carbon dioxide may be of considerable value. In open 
places the carbon dioxide might be carried away by wind, 
but the water would put out a small fire. 
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Exercise 20. Is the carbon dioxide or the water more important 
in the commercial fire extinguisher? Why do you think so? 


Carbon-tetrachloride extinguishers are very practical (Figure 
238). 


Liquid 


Pump 
Tube 


Piston 
Rod 


Courtesy Pyrene Co. 
Fig. 238. Construction of Car- 
bon-Tetrachloride Fire 
Extinguisher 

When the piston-rod is pulled 
upwards, a partial vacuum is 
produced in the pump-tube. 
The liquid then enters through 
the ball valve into the pump- 
tube. On the down stroke the 
liquid flows through the slide- 
valve into the hollow piston-rod 
and is forced out the nozzle. 


There are still other ways of extinguishing fires. 


Many of these small “handy” extinguishers are used in 


automobiles, in houses, and in 
other buildings. The carbon 
tetrachloride changes to a vapor 
at very low temperature. The 
vapor is about five times as 
heavy as air, and will neither 
burn nor support burning. Be- 
cause of these properties it is 
an excellent fire extinguisher. A 
small force pump operated by a 
handle at the top of the ex- 
tinguisher, throws the liquid a 


considerable distance. For small 
fires the extinguisher is very 
serviceable (Figures 239 and 
240). 


Experiment 61: Why is carbon tetra- 
chloride instead of water used to 
extinguish gasoline fires? 


(a) Pour a small quantity of 
gasoline in an iron or porcelain dish 
and light it. Slowly pour some 
water on the burning gasoline. 
Does the water extinguish the 
flame? Explain the result. 

(b) Repeat (a), pouring carbon 
tetrachloride instead of water on 
the burning gasoline. Is the fire 
extinguished? Why? 


For gaso- 


line, kerosene, or oil fires, water is not a good extinguisher. 
Carbon tetrachloride is too expensive and is not always at 
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hand. Sand or dirt can be used. These materials cover the 
fire and exclude the necessary air. When clothes catch on 
fire, a blanket should be wrapped around the person. In 
place of the blanket, a coat, rug, or any similar material can 
be used. Woolen materials are best for this purpose. To 


Courtesy U. S. Biren of aiancacda 
Fig. 239. Wrong Way to Put Out Fig. 240. Right Way to Put Out 
a Fire j a Fire 


The flames are rising from the fire near the floor. The liquid should 
always be directed to the point where the burning is taking place, and 
not on the flames above. 


rush out of doors or to try to run away from such fire, only 
serves to furnish a better supply of fresh air, and thus the fire 
burns better. 

Exercise 21. Make a sentence outline of a story on ‘How fires 
are extinguished.” 

Review Exercise on Unit VIII. (a) Turn back to the Preliminary 
Exercises and mark those which you answered incorrectly or failed 
to answer. Answer them at the end of your original answers. 

(b) Turn to the Table of Contents of Unit VIII and see if you can 
give satisfactory answers to each of the problems in this unit. If 
you cannot do so, study the text until you can. 
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ADDITIONAL EXERCISES AND PROJECTS ON UNIT VIII 


> Why are there holes in the base of a burner of a lamp? 
2. What should be done to correct a smoking lamp? 
3: Why does carbon dioxide sometimes remain in wells or 

cisterns from which most gases would escape? 

4. Iron rusts when exposed to the air. How may such rusting 
be prevented? 

5. Why do workmen lower a lighted lantern into an old well 
before they descend into it? 
6. Why is it necessary to strike a match? 

72 When a hard-coal burner goes out, why is it hard to start 
again? 

8. If atmosphere were composed wholly of oxygen, what would 
happen? 

9. How can the smoke of a city be lessened? 

10. Why does not the carbon dioxide produced by a flame ex- 
tinguish it? 

41. )Why does smoke go up the chimney? 

12. Why do factories have high chimneys? 

43° Why do you blow on a fire to make it burn, and blow ona 
match to put it out? 

14. What effect does the presence of nitrogen in the air have 
upon burning? 

15< Is the expression ‘“‘cold air is heavier than warm air” correct? 
Explain. 

16. How did the study of rusting of metals help you to under- 
stand the nature of burning? 

17. Explain why a pile of burning leaves gives off much smoke 
when a new supply of leaves is thrown on the fire. 

18. Explain why a teakettle full of cold water will often become 
coated with a film of water on the bottom of the kettle when placed 
over a lighted gas burner. 

19.- Why do flames flicker above a coal fire? 

20. Make a survey of the destructive fires in your community 
during the past year. Determine how these fires might have been 
prevented. 

21. Collect newspaper accounts of destructive fires. Learn from 
them the causes of the fires and the amount of the damage. 


UNIT IX 


PROVIDING HEAT AND FRESH AIR IN 
OUR BUILDINGS 


PRELIMINARY EXERCISES 


1. How were buildings heated before the invention of stoves? 

2. What is the common method of heating the house in the 
country? In the city? 

3. Describe the heating system in your house. 

4. How does the heat from a furnace in the basement get to you 
when you are in a room on the second floor? 

5. Make a list of the kinds of stoves used for cooking. 

6. In what ways is a furnace better than a stove for heating a 
building? 

7. How does a heating system help ventilate a building? 

8. Why are heating and ventilating often considered as one 
problem? 


THE STORY OF UNIT IX 


There are three important purposes for which heat from fires _ 
is used in the home. These are: (1) to keep the tempera- 
ture of the air comfortable, (2) to provide fresh air, and (3) 
to cook our foods. In Unit VIII you learned how fuels burn 
and produce heat; in this unit you will see how man makes 
use of fire and fuels in heating and ventilating his buildings, 
and in cooking. 

How would you like to have your house heated by an open 
fire in the corner of the room? A little over two thousand 
years ago this was the common method. Less than a thou- 
sand years ago the only improvement which had been made 
was the addition of a hole in the roof so that the smoke might 
escape. Later, fireplaces were constructed at one side of the 
room and a chimney was added. This type of fireplace is 
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even yet in common use in many parts of Europe. The next 
improvement was to locate the fireplace in the wall and build 
up the chimney from the 
outside (Figure 241). 
Old colonial houses in 
the United States had 
fireplaces constructed in 
this manner, and such 
fireplaces are becoming 
more and more common 
in modern houses. 

In 1742 Benjamin 
Franklin made a great 
improvement on the 
es fireplace. It was a 

Fig. 241. A Colonial Fireplace simple thing, but it led 
to the construction of 
the modern stove. He built a device having three sides, made 
of sheets of metal (Figure 242). This he placed inside the 
fireplace. When the 
metal became hot, it 
gave off much more heat 
to the room than did 
the open fireplace. 
Franklin’s idea led to 
the construction of the 
closed stove with a 
stove-pipe leading to the 
chimney. Still the stove 
was not satisfactory. 
Ashes were scattered on 
the floor, the stove took URREE SEO Oa Nay oes 
Fig. 242. Franklin’s Stove 
much space, and only the 


room in which the stove was placed could be sufficiently heated. 
A furnace placed in the basement was the next improve- 
ment. This furnace consisted of a large stove surrounded 
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by an outer jacket containing air (Figure 243). As the air in 
this hot-air chamber was heated, a convection current was set 
up, and the warm air was thus forced through pipes to the 
rooms above. Somewhat later the space between the jacket 
and the firepot was filled with water, and pipes were pro- 
vided to carry the 
heated water to the 
different rooms(Fig- 
ure 244). However, 
in large buildings 
the transfer of 
heat by convection 
currents of air or 
water is notsatisfac- 
tory. Thesteam fur- 
nace, in which water 
may be changed into 
steam and the steam 
forced through the 
pipes by pressure, 1s 
used in these build- 
ings (Figure 251, 
page 269). 

In order to heat a 
building it is neces- - 
sary for the heat to Courtesy Holland Furnace Co. 
be transferred from Fig. 243. A Hot-Air Furnace 
the fire in the furnace, stove, or fireplace to the different parts 
of the building. This transfer of heat takes place in different 
ways. The heat from the fire warms the metal sides of the 
stove or furnace and is conducted through the metal, warming 
the air or water, which in turn carries the heat to different parts 
of the building. In open fires, such as the fireplace, most of 
the heat is transferred as radiant energy. (See pages 39, 176, 
and 179.) In the problems which follow, each of these methods 
of heat transfer will be studied in greater detail. 
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In addition to keeping the air in the house at the proper 
temperature, provision must be made to secure a frequent 
change of air by ventilation. Natural ventilation is, of course, 
supplied by opening windows and doors; artificial ventilation 
has been developed in connection with the different heating 
devices. There 
are three 
requirements 
for good heat- 
ing and venti- 
lation: (1) the 
correct tem- 
perature (68°- 
70°F.), (2) the 
proper hu- 
midity (see 
page 47), and 
(3) a satisfac- 
tory quantity 

Courtesy American Radiator Co. of fresh alr. 
Fig. 244. A Hot-Water Heating Furnace 


Heating and 

The hot water passes upward through the pipe _ : “T. : 
shown in the upper left-hand corner of the picture, entilating 
The return pipe, which cannot here be seen, entérs at are. so closely 
the bottom of the furnace. related that 


they are really parts of the same problem. Any method of heat- 
ing must be judged upon the basis of these three requirements 
of correct temperature, proper humidity, and sufficient supply 
of fresh air. 


PROBLEM 1: WHY DOES A STOVE HEAT A ROOM 
BETTER THAN A FIREPLACE? 


How heat is transferred. You have already studied the 
construction of a stove (see page 231), and you know how the 
fire in it is regulated. The question which you will have to 
answer is “How is the heat of the fire transferred to the air, 
to the walls, and to the objects in the room?” 
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Experiment 62: How is the heat of the fire transferred to the 
stove walls? 

(a) Light a candle. Hold your hand about six inches above it. 
Can you feel the heat? Hold a piece of burning punk or smoking paper 
above the candle flame. Note the direction of the particles of smoke 
which are carried along by the air currents. 

(6) Place your hand at the side of the flame at a distance of two 

or. three inches. The air between your hand and the candle moves 
toward the flame. How do you explain why your hand is warmed 
when the air between your hand and the candle moves toward the 
flame? (See pages 39 and 176.) 
Inside the stove a convection current is set up because of the 
difference between the temperature of the air over the fire 
and that of the air outside of the stove. Why? (See pages 
57 and 231.) The particles of gas which come from the burn- 
ing fuel are hot. As they pass upward from the fire, they touch 
the sides and top of the stove and give up part of their heat 
to the metal. At the same time the fire is radiating energy 
to the sides of the stove and warming them. 

The heat must then pass through the metal walls of the stove. 


Experiment 63: How does heat travel through the metal 
walls of the stove? 

Hold a long nail in the flame of a Bunsen burner or candle. Note 
that the end which you are holding becomes hotter and hotter, 
but never gets as hot as the end which is in the flame. 

How does the heat travel to your hand? Do the particles of 
iron near the fire travel through the iron and give up their 
heat to you? It is evident that you have here a method of 
heat transfer which is different from convection. The iron, 
like all other materials, is made of small particles, called mole- 
cules. The molecules in the part of the nail held in the flame 
received heat from it. Each of these molecules then passed 
on a little heat to its neighbor. The neighbor passed on some 
to the next molecule, and so on. In time the end of the iron 
you hold in your hand receives this heat, and it gets hotter 
and hotter. This method of heat transfer from particle to 
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particle is called conduction, and it is the way that heat trav- 


els through the metal walls of the stove. 
How a room is warmed by a stove. 


(See page 176.) 
After the walls of 


the stove are heated, they must pass on their heat to the room 


Fig. 245. Convection Cur- 
rents and Radiation. 


Arrows show convec- 
tion currents and lines 
show radiation. 


and the objects in the room. The 
particles of air in contact with the 
stove are heated by conduction. This 
sets up a convection current in the 
room, as shown in Figure 245, because 
of the differences in temperature of the 
air. These particles of heated air give 
up part of their heat to the walls and 
objects in the room when they come in 
contact with them. The walls and ob- 
jects are also heated by radiation from 
all parts of the stove, as shown in 
Figure 245. The stove thus heats 
a room by all three methods of heat 
transfer. 


} 
Exercise 1. Suppose there is a box of candy on the table in a 


room with twenty boys and girls. 


girls represent molecules 
of air and the candy 
represents the source of 
heat. How could each 
boy and girl obtain 
candy in a way which 
illustrates the transfer of 
heat by convection? By 
conduction? 


The fireplace is less 
efficient than the stove. 
The fireplace (Figure 
246) heats a room 
largely by radiation. 


Suppose that the boys and 


Courtesy American Face Brick Association 


Fig. 246. A Modern Fireplace 


The fire is built on a grate, and the hot 


gases immediately pass up through the chimney, giving but a 
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small part of their heat to the room. The walls of the chimney 
are heated by the hot gases, and this heat passes through the 
walls by conduction. The air in contact with the wall of 
the chimney is thus heated and sets up a small convection 
current. The radiant energy from 
the fire passes through the room 
to the walls, warming the air but 
little, and is changed to heat when 
it strikes the walls. The furniture 
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and other objects in the room are ‘eee 
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warmed in the same manner. The Sy ] 
walls and furniture heated by 
radiation give up part of their heat 
to the air and produce convection 
currents. The fireplace is not an 
efficient heating device, because 
most of the heat escapes through 


the chimney. 
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Exercise 2. Make a drawing of a 
room with a fireplace. Show by 
dotted lines the part of the room. brin 
heated by radiation. Draw arrows She Wenner 
to show the direction of the con- Gens anducmoke a uate 
vection currents in the room. chimney on bothsides of the pipe. 


Fig. 247. A Ventilating Fireplace 
The pipe which brings ‘fresh 


The most modern and efficient fireplace is the ventilating 
fireplace (Figure 247). Fresh air is brought into the room by 
a metal pipe which passes up behind the fireplace and over 
the top of the fire, opening into the room. The hot gases 
from the fire pass around the pipe as they escape into the 
chimney, and warm the fresh air as it enters the room. Why 
does the fresh air come in through the pipe? The ventilat- 
ing fireplace heats the room in the same manner as the ordinary 
fireplace, and, in addition, uses the hot gases which pass up the 
chimney to heat the fresh air, thus starting a convection cur- 


rent in the room. 
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Exercise 3. Draw a room with a ventilating fireplace. By arrows 
show the direction of the convection currents in the room. 

Exercise 4. Make a drawing of a room with a stove placed at 
one side of the room. Show by means of arrows the direction of 
the convection currents in the room. Show by dotted lines some 
of the paths of radiant energy. 

Exercise 5. If the same amount of fuel is burned in a stove and 
a fireplace, which will give the more heat to the room? Explain. 

Exercise 6. Why does the fireplace furnish better ventilation 
than a stove? 
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Fig. 248. A Hot-Air Heating Plant 


Examine also Figure 248, which shows the construction of the furnace. 


PROBLEM 2: HOW DOES A HOT-AIR FURNACE HEAT 
AND VENTILATE A BUILDING? 


If you examine a hot-air furnace, you see that it is simply a 
large stove surrounded by an air chamber (Figure 243). Lead- 
ing away from this chamber are several pipes, or ducts. Trace 
each one of the ducts shown in Figure 248. Where do they 
go? In the rooms you find a grating, or register, over the 
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duct. The figure shows two registers in each room; one is 
called the hot-air register, and the other is called the cold- 
air register. The air rises through one duct and falls in the 
other because of the convection current which is produced. 
Explain how the 
convection current =| 
is produced. (See 
page 57.) 

In recent years 
the pipeless furnace 
(Figure 249) has 
also. come _ into 
common use. This 
furnace is gener- 
ally placed in the 
middle of the base- 
ment. A hole is cut 
through the floor 
and fitted with a 
register directly 
over the hot-air 
chamber of the fur- 
nace. This register 
serves a double pur- 


Hor ad mere 


. 
= 
COLD AIR 


REGISTER 


— 


pose, in that warm Courtesy Holland Furnace Co. 
air rises from the Fig. 249. A Pipeless Hot-Air Furnace 
center and cold air This type of furnace is adapted especially to 


nat] yY F Se Ss bt fi re lo if 
falls through the heating small Pe Its ae enine are i 
: : cost of installation and minimum amount o 
sides, as shown in fuel consumed. 


Figure 249. Hot- 
air and cold-air registers are placed in the ceilings so that 
the heated and cooled air mayypass to and from the other rooms. 


Exercise 7. Mak 1 drawing of the hot-air furnace 
and pipes. Label t > and by arrows show the direction of 
the air through the ducts*—Xplain how the house is both heated 
and ventilated by the hot-air system (Figure 248). 
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PROBLEM 3: HOW DOES A HOT-WATER HEATING 
PLANT OPERATE? 


The hot-water heating plant (Figures 244 and 250) differs 
from the hot-air furnace in two ways: (1) the space between 
the jacket and the firebox is filled with water, and (2) the hot 
water is carried to the rooms through pipes called rvsers, 
where it circulates through a radiator, and is then returned by 
pipes called returns to the water jacket, or heater. The direc- 

tion of the hot 


CT ny fir wa _ » 

a ta SSE watel thi ough the 
A E EXPANSION TANK — Er ae — = pipes is shown in 
iz ger = rN 


Figure 250. 


Exercise 8. Ex- 
plain why the water 
circulates through 
the pipes. (See 
page 130.) 


The hot-water 
system must be 


‘ as full when it is 
= = = started, and this 
| 


makes an outlet 
necessary to take 
care of the in- 
creased volume of 
water. Why does 
the volume of water increase? (See page 44.) An expansion 
tank is usually placed in the attic and is connected by a pipe 
to the heater. Leading from the top of the expansion tank to 
the roof is a small pipe through which the water may overflow. 

The amount of heat carried to a room can be regulated 
by closing or opening a valve in the pipe which brings the 
water to the radiator. Refer to Figure 250, and explain why 
closing the valve on one radiator does not stop the flow of 
water in other radiators. 


Fig. 250. A Hot-Water Heating Plant 


The risers connect with the top of the heater 
and the returns connect at the bottom. 
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Exercise 9. Make a drawing of a room containing a radiator; 
show by arrows the direction of the convection currents in the room, 
and by dotted lines the part heated by radiation. 

Exercise 10. Contrast the ventilation of a room by a hot-air 
furnace and by a hot-water furnace. 


PROBLEM 4: HOW DOES A STEAM HEATING PLANT 
OPERATE? 


In a steam heating plant water is changed into steam in a 
boiler placed over the firebox (Figure 251). 


Experiment 64: How is water Steam Dome 
changed to steam? 


Pour some water in a tall beaker 
and place it over a wire gauze. Put 
a thermometer into the beaker. 
Place a burner under the gauze and 
light the gas. In a short time small 
bubbles appear. These are bubbles 
of air. Take the temperature. 
Continue to heat the water, until 
very large bubbles are formed. These 
bubbles are steam. Soon the bubbles 
of steam reach the surface of the 
water and escape into the air. Take 
the temperature. 


Water always contains air dis- — Z 
solved in it. When water is heated, Courtesy Thatcher Manufacturing Co. 
the air is driven off and escapes Fig. 251. A Steam Furnace 


as tiny bubbles. As the water is eteein, pellees - a dome, 
i ; , rom which pipes lead to the 
heated more, it expands, and different rooms. 


finally large bubbles of steam are 

formed. Since these bubbles are lighter than the water, they 
rise to the surface and escape. The temperature at which the 
water changes to steam is its boiling point. In an open vessel 


this is approximately 100° C. 
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Scientists explain the expansion of any liquid like water by 
assuming the liquid is made up of millions of tiny particles 
called molecules. It is believed that when the liquid is heated, 
these molecules move farther apart, and therefore the liquid 
takes up more space. Finally the distance between the mole- 
cules is so great that the liquid changes to a gas, causing 
bubbles of steam 
to rise from the 
liquid. Although 
molecules have 
never been seen, a 
great many facts, 
like expansion and 
the change of a 
liquid to a gas, can 
be explained satis- 
factorily by this 


assumption, or 

theory. It is alto- 

Fig. 252. A Steam Heating Plant gether —_ probable 
Examine also the plant shown in Figure 251. that this is a cor- 


rect explanation. 
Steam exerts pressure. The steam heating plant differs 
from the hot-air and hot-water systems in its method of trans- 
ferring the heat of the fire to the various rooms. You have 
learned what makes water and air circulate through a heating 
system. Let us now determine how steam is sent through the 
pipes of the system. 


Experiment 65: What causes the steam to circulate through 
the pipes? 
Place about one inch of water in a test tube. Stopper the tube 
with a cork, but do not insert the cork tightly. Heat the tube with 
a small flame. What happens shortly after the water begins to boil? 


In the steam heating plant the steam is forced to circulate 
through the pipes and radiators by pressure produced in the 
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boiler. How does the steam exert pressure? As the water 
changes into steam, it expands hundreds of times, forcing the 
molecules of steam above the water in the boiler closer and 
closer together so that the steam is compressed. This steam 
exerts pressure when compressed, because of the motion of the 
molecules. The molecules are moving, and strike the walls of 
the containing vessel with great speed. 
Millions and millions of them bombard the 
walls. As the steam is compressed, more 
molecules are forced into the same space, 
and the number striking the walls increases. 
This steady bombardment is like a stream 
of water playing on the side of a building. 
So many particles of water strike at a given 
time that a steady pressure is exerted 
against the wall. Courtesy Marsh «& Co. 

The steam heating plant (Figure 252) Fig. 253. Air Vent 
differs but little from the hot-water plant. forage 
Steam is carried to the radiators through the risers. In the 
radiators the steam condenses into water, giving up its heat. 
The water is carried back to the boiler by a return pipe. No 
expansion tank is necessary in this system. Why? Each 
radiator is fitted with an ar vent (Figure 253) to allow the 
escape of the air which is driven from the water as it is heated, 
and from the pipes and radiators. When steam enters the 
radiator, the air is driven toward the air vent and escapes. As 
soon as the steam reaches the valves of the air vent, the heat 
from the steam automatically closes the valve, keeping the 
steam in the radiator. The condensed steam flows back into 
the radiator through the siphon. The radiator warms the room 
in the same manner as that of the hot-water heating plant. 


Exercise 11. Make a drawing of asteam heating plant. Indicate 
the direction of the steam through the pipes. Show how the room 
is heated by the radiator. 

Exercise 12. Why is steam always used in the heating of large 
buildings where long horizontal pipes are used? 


Fe 
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PROBLEM 5: HOW IS GOOD VENTILATION SECURED? 


The ill effects of ‘‘bad air’? are not caused by too much 
carbon dioxide. You recall (Unit V) that air expelled from the 
lungs differs in four ways from ordinary air. (See page 153.) 


Exercise 13. What changes take place in air during breathing? 


Years ago it was thought that the bad effects resulting 
from poor ventilation were due to the addition of carbon 
dioxide to the air during breathing, and the decrease in the 
amount of oxygen in the air. Recent experiments show that 
the ill effects from bad air are not due to these causes. 

There are several redsons why air 
becomes bad. If you have ever been in 
J a crowded, poorly ventilated room, you 
have probably noticed the presence of 
oT bad odors. These odors may be due to 

: several causes, such as decayed teeth, a 
|), disordered stomach, or unclean bodies 
and clothing. The temperature of the 
air in the room also increases because of 
the heat from the bodies of the people 
present. Since exhaled air contains a 
large amount of moisture, the humidity 
of the room also increases. Scientists 
now believe that these three changes in 
Fig. 254. Window Open the air—foul odors, high temperature, 

at Top and Bottom and high humidity, are the real causes of 

bad effects from poor ventilation. A good 
system of ventilation will keep the temperature and humidity 
of the air from becoming too high and will keep the air clear 
of bad odors. 

The temperature of the air should be correct. In Unit VI 
you learned how the body regulates its own temperature. (See 
page 175.) The temperature of a room should always be such 
that the heat-regulating mechanism of the body shall have as 
little to do as possible. If the temperature of the air is too low. 
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the body must adjust itself to this condition by decreasing the 
amount of blood in the skin or by burning more food. Why? If 
the temperature of the air is too high, the body must pour more 
perspiration on the skin and send more blood to the skin. Why? 
These changes require energy which must be taken from the 
body. Careful experimentation has shown that the best 
temperature for all-round 
bodily comfort and _ effi- 
ciency is from 68 to 70 de- 
grees Fahrenheit. 

The proper humidity 
should be . maintained. 
When the humidity is very 
high, but little perspiration 
can be evaporated from the 
skin, and, as the body The window-board prevents the 
temperature rises, a feeling current of air from flowing directly 
of discomfort is produced. on to the bed and thus exposing the 
On the other hand, the eve,'90,traft Such devees may 
humidity of the air may be 
too low. This is particularly true in the winter time when 
the cold dry air from out of doors is brought into the house 
and warmed. Why? (See page 52.) Dry air absorbs mois- 
ture very rapidly. The linings of the nose, throat, and bron- 
chial tubes must at all times be moist. Dry air will cause 
this moisture to evaporate rapidly from these linings, and so 
produce irritation. For this reason it is generally necessary 
to add moisture to the air during the winter months. In case 
the heating system does not provide enough moisture, pans of 
water can be placed on the stoves or on the radiator. 

Rooms and houses may be ventilated by windows. A very 
common method of ventilating rooms is by windows (Figure 
254). When the temperature of the air outside of the room 
is less than that inside, a convection current will be produced 
as the cold air enters and forces out the warmer air. Since 
the warmer air is near the ceiling, the window is opened at 


Fig. 255. A Window-Board 


274 HEAT AND VENTILATION 


the top as well as at the bottom. Why? In case the tem- 
perature of the air inside of the room is the same as that out- 


1 // XX 
| / m 


Fig. 256. Window Fitted with Cloth- 
Covered Frame 


side, no convection current 
will be produced, and no air 
will enter unless there is a 
breeze outdoors. To use this 
breeze several windows must 
be opened so that the air 
may sweep through the room. 
Extremely strong drafts 
should be avoided, however, 
especially when one is not 
moving about. 

To secure ventilation and 
at the same time to prevent 
strong drafts from blowing 
directly on one, it is advisable 


to use a window-board (Figure 255) which will cause the incom- 
ing air to be deflected upward. A frame fitting the window 


and covered with a cloth (Figure 256) will 
accomplish the same result and at the same 
time will prevent the entrance of dust. The 


effect which one should try to produce is that. 


of a gentle current which will change the air 
often enough to provide about thirty cubic 
feet of fresh air a minute for each person. 
Heating devices also furnish ventilation. 
There are several other systems of ventilation 
used in connection with the heating system. 
The chamber of a hot-air furnace receives 
fresh air from a pipe which passes outdoors 
(Figure 243). Pans of water may be placed 
in the chamber to increase the humidity. 
Where steam or hot-water systems are used, 
holes are sometimes cut through the wall be 
(Figure 257). Fresh air may thus enter 


es ectemren ones we|///}///// 
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Fig. 257. Ventilat- 
ing a Building 
Heated by Hot 
Water or Steam 


Why does the air 
enter the house? 


hind the radiator 
and be warmed. 
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The ostat 


Blower, es Tempering 
-AirWasher Stack 


Courtesy American Radiator Co. 
Fig. 258. Fan System of Ventilating and Heating a Large Building 


The air enters through the screen at the right and passes through the 
tempering stack, which consists of several coils of pipes containing steam. 
These hot coils raise the temperature of the air. The air is humidified 
and washed as it passes through streams of water in the air washer. The 
blower forces part of the air through the re-heating stack, which heats it 
to a temperature of from 80° to 120°. Part of the air from the blower 
passes under the heating stack and remains at a temperature of 65°. The 
thermostat control automatically mixes the reheated air and the air which 
passes below the stack to keep a constant temperature of 70°. 


Exercise 14. Make a drawing of 2 room with the inlet for warm 
air near the ceiling and the outlet near the floor on the same side 
of the room. Show by means of arrows the direction of the air 


currents in the room. 


Large buildings must have special ventilating systems. 
Fan or blower systems for ventilating and heating are used in 
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large buildings, especially where many persons are assembled, 
as in factories, theaters, and schools. The fan is placed in the 
basement and takes the air after it has passed over heating 
coils (Figure 258), forcing it to the different parts of the build- 
ing. This method greatly increases the volume of fresh air 
supplied. The air may be washed and humidified by forcing 
it through a spray of water. By warming the air to the proper 
temperature before it passes through the water-spray, more 
water will be evaporated into the air, and the correct humidity 
may be obtained. 


Exercise 15. Draw a room with one window open at the bottom. 
Show by arrows the direction of the air currents in the room. 

Exercise 16. Draw a room with one window open at the top 
and also at the bottom. Show by arrows the direction of the air 
currents in the room. 

Exercise 17. Which of the two methods used in Exercises 15 and 
16 secures the better ventilation? Why? 

Exercise 18. What method of securing ventilation is used in 
your house? 

Exercise 19. What method of securing ventilation is used in 
your school? If you have a fan or blower system, arrange with the 
engineer or janitor to let you examine it. 


Review Exercise on Unit IX. (a) Turn back to the Prelim- 
inary Exercises and mark those which you answered incorrectly or 
failed to answer. Answer them at the end of your original answers. 

(b) Turn to the Table of Contents of Unit IX and see if you can 
give satisfactory answers to each of the problems in this unit. If 
you cannot do so, study the text until you can. 


ADDITIONAL EXERCISES AND PROJECTS ON UNIT IX 


-l. Why do you get warm if you are sitting in front of a window 
when the sun is shining brightly, while the windowpane is not heated? 
2. Why does your back feel cold when you stand facing a 
fireplace? 
=3. Why does not the smoke come up the registers in a hot-air 
system? 
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4. Sometimes it happens on very cold mornings that a room 
will not heat even if the register is open. Explain why this is 
true and how you would remedy it. 

Why will a steam radiator warm,up faster if the valve in 
the air vent is unscrewed slightly? av’ 

6. How does a green-house “trap” the heat of the sun? 

Which is the hotter: water which has been boiling an hour, 
or water which has been boiling ten minutes? Give a reason for 
your answer. 

8. Why are furnace pipes often covered with asbestos? 

9¢ If you open a door between a warm room and a cold one, 
which way will a candle flame be blown if the candle Is held near 
the top of the doorway? Give a reason. [Exe ote 

10. Why, when the temperature of the two is the same, does 
linoleum feel colder to the touch than a rug? 

~ If a piece of paper is wound tightly around an iron rod 
and is then held for an instant in a Bunsen-burner flame, it will 
not be scorched. If it is wrapped around a wooden rod and held 
in the flame for an equal length of time, it will be scorched. Explain. 

12. Why should the space between the walls of a fireless cooker 


be filled with sawdust instead of being filled with air ee rah 
asp a/* 


yak Why are stoves made of iron? <vw/, /4e 


14. How do you account for the shape and At Wi” of a 
radiator? 

. Why are the hot-air and hot-water heating systems some- 
times called the ‘‘gravity’? method of heating? 

16. How can the temperature of a room be regulated in each 
of the different methods of heating a room? 

17% Make a survey of your community to find the different types 
of*heating systems which are used. 

18. Find on furnaces the names and addresses of the manufacturers, 
and write for booklets descriptive of the operation and construction 
of the furnaces. Report to the class your findings. 

29. How do oil heating plants operate? Write to companies which 
manufacture these devices for their descriptive booklets or examine 
an “oil-heater.”’ Explain how it’ works. 


UNIT X 
MATERIALS FOR CONSTRUCTION 


PRELIMINARY EXERCISES ; 
d+ Make a table, as shown below, giving as many different kinds 
of materials as you can which are used in making your house and the 
articlesinit. Under ‘‘Natural or Artificial” use ‘““N”’ or ‘‘A”’ to indicate 
whether the material is found free in nature or is manufactured from 
other materials. (Do not include clothing materials.) 


Marertats I Know 


NAME OF MATERIAL NATURAL OR ARTIFICIAL Me ee ene gE 
Tron A Non-combustible, good 
conductor of heat, strong. 
Wood N Easily shaped, beauti- 
ful grain and finish. 


2. Make a table of metals which you know, and opposite each 
indicate one important property and one important use. 


Merats I Know 


METAL | PROPERTY USE 
Tron Conductor of heat Heating devices 
Copper | Does not rust Water spouts 


3 List the ways in which man’s use of building materials has 
changed his way of living. 
4. What different materials were used by primitive people in 
building their shelters? 
~ Why does glass find so many uses? 
6. Why are stoves made of a metal like iron? 
7. Name the kinds of rock or stone which are used for construction. 
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8. What reasons can you give for painting an iron fence? 
9. What are the principal kinds of wood found in your region? 
List them, and following each, state for what it is used. 


SSS 


~~ Tents of he Mongoliars 


Fig. 259. Tents and Tepees of Primitive People 


10. Write a short story telling how some building material is 
prepared for use. 


THE STORY OF UNIT X 


When you look around and see so many different objects, 
you wonder where they all come from and of what they are 
made. There seems to be no end to man’s use of different 
materials for constructing his houses, barns, factories, and 
other buildings; for making his tools and machinery; for pro- 
viding means of travel and transportation; for making the 
thousand-and-one things which he needs for his comfort, 
efficiency, and enjoyment. 


Fig. 260. Homes Unknown to Most of Us 


In early days man used only materials which nature pro- 
vided, such as straw, skins, wood, clay, bones, and stones. It 
was of these materials that he made his crude buildings (Fig- 
ures 259-261) and primitive tools. He had only to collect them 
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and, perhaps, to shape them into usable forms. From stones 
he made his arrows, skinning tools, axes, grinding stones, and 
other devices for procuring and preparing his food, for shaping 
wood to build his shelters, and for defending himself against 
his enemies (Figure 262). Later he discovered in the earth 
certain metals which he shaped into many different forms. 


; iS Montezuma g Log House 
Eskimo Snow [6loo Castle Arizona ay 


Fig. 261. Primitive Homes in Different Climates 


By the use of fire he made great progress in obtaining metals 
from their ores and in manufacturing all sorts of devices from 
these metals. Because we now use metals for so many pur- 
poses, we sometimes speak of the present age as the “metal 
age,’’ as contrasted with the so-called ‘wood age’’ and “‘stone 
age’ of past centuries. 

The preparation of building materials is one of the world’s 
greatest industries. Millions of people are daily working in 
mines, in stone quarries, in factories, and in fields and forests, 
where they collect, shape, and manufacture innumerable 
objects to satisfy our needs and comforts. These millions of 
workers are needed in order that we may have stones, cement, 
mortar and plaster, brick, tile, pottery, glass, iron and steel, 
many other metals, rope, wood, and hundreds of other things. 
And every year new materials come into use. The number 
of these different materials is so great because we are con- 
stantly searching for those which have certain properties, or 
qualities, best fitting them for particular uses. 

There are two kinds of properties, physical and chemical, 
which determine the use of materials. The physical properties 
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are those by which you recognize a material without changing 
it into some new material. For example, materials may be 
recognized by and may depend for their use upon properties 
like the following: color, hardness, strength, transparency 
(can you see through it?), malleability (can it be hammered 
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Fig. 262. Tools of Past Ages 


Such tools are crude as compared with tools of the present day, 
but it required great skill to shape them and to fasten the handles 
to some of them. 


into sheets?), conductivity of heat (can heat travel through 
it?), conductivity of electricity (can electricity pass through 
it?), and physical staie (is it solid, liquid, or gaseous’). 

The chemical properties are those characteristics which a 
material shows when it undergoes chemical changes. Thus, 
wood decays when exposed to air and moisture; iron rusts 
unless protected from the air; wood burns; cement and stone 
are non-combustible; brass is acted upon by salt water and 
becomes porous and weak; some stones crumble as a result 
of the chemical action of the air. The durability and use of 
a material thus depend largely upon its chemical properties. 
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It is because of these chemical properties that all kinds of 
preservatives and protective substances must be used to in- 
crease the durability of certain materials. Such preserva- 
tives make possible the use of materials which have desirable 
physical properties. For example, iron, which is strong and 
a good conductor of heat, may be used for locomotive boilers 
or other heating devices if it is protected from rusting by a 
coat of paint. Or, as another example, wood may be very 
durable for interior construction, but will decay very rapidly 
out-of-doors unless protected by the use of creosote or paint. 

There is one other factor, besides the properties of a ma- 
terial, which determines how widely it is used: unless a ma- 
terial is available in large quantity and at a relatively low cost, 
it must give way to a cheaper and more plentiful material. 
For this reason brick, stone, cement, and tile are being used 
instead of wood for many purposes. While the properties of 
these materials are a large factor in determining their greater 
use, it is also true that in some places these materials can be 
obtained or manufactured more cheaply than wood can be 
shipped and prepared. A striking example of this is the in- 
creased use of paper and cardboard for making boxes, which 
were formerly made almost entirely of wood. 

The more important construction materials are shown in 
Table X. Wood is listed first because it is still used in such 
enormous quantities. Then follow the principal groups of ma- 
terials with some of the more common examples of each group. 


TABLE X. MATERIALS FOR CONSTRUCTION 


Wood produtts..)..0 2. . Boards, planks, shingles, blocks, paper 
Building stones......... Granite, sandstone, limestone, marble, slate 
Clay products. it; aan Brick, tile, pottery 

Lime products) ...%), a8 Mortar, plaster, terra cotta 

Cement products. ...... Cement, concrete, cement mortar 

Glass products......... Window glass, bottle glass, plate glass 

Tron products. ......... Tron, steel 


Othermetals iy aeanest.44 Copper, aluminum, lead, zine 
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The amounts of different materials which were used in the 
construction of one large building are: 


16,000 tons of steel 3,400 windows 

13,000 tons of stone 162 miles of wire 

33,000 tons of tile 71 miles of wire conduit-pipes 
7,000,000 bricks 300 carloads of marble 


200,000 bags of cement 


Think of the labor necessary to prepare, manufacture, ship, 
and build these materials into a sky-scraper. 


PROBLEM 1: HOW IS WOOD PREPARED FOR BUILDING 
PURPOSES? 


Wood is the most common building material. Everywhere 
- about us we see things made of wood. The lumber industry 
is one of the most important in the United States. Not only 
is wood used for building houses and for making furniture, 
but it also finds many other uses, such as making boxes, side- 
walks, railroad cars, vehicles, fences, pavements, and handles 
for tools. The table below will give you some idea of the 
large quantity of wood used in certain years from 1880 to 1924. 


TaBLE XI. LumMBER CONSUMPTION IN THE UNITED STATES* 


YEAR | BILLIONS OF BOARD FEET YEAR | BILLIONS OF BOARD FEET 
1880 | 18 | 1905 | 47 
1885 | 21 1910 | 44 
1890 | 23 1915 37 
1895 | 30 1920 33.8 
1900 | 35 | 1924 37a 


*Figures are approximate, being estimated from graph in the U.S. Department of 
Agriculture, Bulletin 1119. 


The table shows the number of board feet of lumber used. 
(A “board foot” is a board one inch thick, twelve inches wide, 
and twelve inches long.) Roughly, about 70 per cent of the 
total amount of lumber consumed is used for general building 
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purposes. The remaining 30 per cent is used for making 
furniture, fences, boxes, paper, and other special articles. 

' New ways of preparing lumber have taken the place of the 
old ways. For many years man prepared wood for different 
uses without the aid of machinery. The trees were felled with 
axes, and then cut into logs. The logs were used mainly for 

building crude but 

attractive houses, 
and for making 
roadbeds through 
swampy regions. 
Sometimes the logs 
were hewn with 
wide axes until they 
were square, or 
split into various 
shapes and used for 
fuel, rail fences, 


Fig. 263. Hand-Hewn Lumber clapboards, and 

This cabin was built in 1852 in the Sierra shingles (Figure 
Nevada mountains by California gold-seekers. 2 . 

The shingles, or ‘‘shakes,’’ have been worn until 263). Later the 

they are almost as thin as paper. straight saw came 


into use, and the 
trees were more easily felled and cut into proper lengths. 
Then came the circular saws, which made still easier and more 
rapid the sawing of the logs into posts, boards, shingles, and 
other shapes. With the coming of circular saws many saw 
mills were built in the forests. These sawmills were moved 
from place to place as the supply of timber made necessary. 
At the present time most of the logs are floated down stream 
to the mills (Figure 264), or hauled to railroad cars to be 
shipped to cities and towns where there are the sawmills. 

The rough-sawed lumber must be dried, or seasoned, before 
it can be used for finer construction. To season it, the lumber 
is stacked with air spaces between the boards and allowed to 
stand until the water it contains evaporates. Stacking the 
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lumber keeps it straight while it dries. Sometimes the green 
lumber is placed in large ovens, or kilns, where it is heated to 
evaporate the water. This requires less time than the natural 
drying or seasoning process. The dry lumber will net warp 
and lose its shape. 

The board lumber for finishing the outside of houses, for 
making furniture, refrigerators, window-sashes, and _ similar 
finished products, is sent through a planing machine which 


Courtesy U.S, Fares Service 
Fig. 264. Floating Logs to the Sawmill 

Millions of board feet of lumber will be sawed from these logs. The 
workmen are engaged in breaking up the jam so that the logs may float. 
downstream. 
removes the rough surface. When a fine finish is desired, the 
lumber may be sandpapered, or surfaced, until it is smooth 
enough to be painted or stained. 

You see that four important processes are necessary in the 
preparation of wood for finer building purposes: (1) cutting 
and logging the trees; (2) sawing the logs; (3) seasoning the 
lumber; and (4) finishing the boards. 

The grain in lumber depends upon the growth of the tree 
and the method of sawing. All trees grow more rapidly in 
the spring than they do in the late summer or fall. When 
the growth is rapid, the cells of the wood are large and loosely 
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arranged. During the sum- 
mer the cells grow slowly, 
are small, and arrange 
themselves very compact- 
ly, forming a dark, dense 
layer. No growth takes 
place in the winter. By 
examining the end of a log, 
one can see these alternate 
layers of dark compact 
cells and lighter loose cells. 
Each pair of layers of this 
Courtesy U. S. Forest Service kind shows - year’s growth 

Fig. 265. Annual Rings from the center outward, 

The picture of the logissosmallthat a8 shown in Figure 265. 
you cannot count the pairs of layers, but The rings are called an- 
you can see many light and dark rings. nual rings, and from the 
number of them you can tell about how old a tree is. 

Since the layers are not of equal depth in all parts of the tree, 
cutting across 
these unequal 
layers results 
inthe different 
grains,or pat- 
terns, which 
you. see in 
many boards. 
If a log is cut 
as shown in 
Figure 266 (a) 
(radial-saw- 
ed), the grain oie eee 
will not be Courtesy U.S. Forest Service 
Fig. 266. Boards from an Ash Log 


the same as , : 

Par Ae sues The board at the left was cut by sawing through the 
That 18 wh a center of the log; the board at the right was sawed from 
shown in Fig- _ the log as shown by the plain-sawed board in Figure 267. 
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ure 266 (b) (tangential-sawed). Figure 267 shows the grain of 
two oak boards, one tangential-sawed and the other quarter- 
sawed. The wood of the medullary rays, which extend from 
the center of the tree outward, has a different structure from 
that of other parts of the log (Figure 268). In hardwoods, 
like oak, these medullary rays add to the beauty of the lumber, 
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Courtesy U.S. Forest Service 


Fig. 267. Two Methods of Sawing a Log 


At the bottom is a tangential, or plain-sawed, board. Note the grain 
caused by sawing across the dark and light sections of the annual rings. 
Compare this with Figure 266 (a). At the top is a quarter-sawed board. 
Observe in the inset how the log is cut into quarter-sawed boards. 


especially in quarter-sawed boards. Softwoods do not have 
the beautiful grain of the hardwoods. 

The terms “hardwood” and “softwood” are not well chosen. 
They refer to the method of growing and to the structure of 
the tree rather than to the hardness of the wood. However, 
as a rule hardwood is stronger and more durable than soft- 
wood. Hardwoods, like oak, ash, and maple, are much used 
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in building heavy structures and in making furniture, flooring, 
and doors. The softwoods, such as pine and cedar, are exten- 
sively used to make boxes, shingles, telegraph and fence posts, 
3 and window-sashes. 
Wood has certain advantages 
and disadvantages. Wood is 
lighter than most other construc- 
tion materials. It is easily shaped 
into different forms. The natural 
color and beautiful grain of wood 
cannot be duplicated in any other 
building material, except perhaps 
in the finer varieties of marble 
and expensive manufactured ma- 
terials. Wood is not a conductor 
of heat or electricity and can, 
therefore, be used for making 
Courtesy U.S. Forestservice handles of heating and electrical 
Fig. 268. Medullary Rays devices, for refrigerators, tele- 
oi — Hie gan streaks phone and telegraph poles, and 
bad poe ar . lo pote Te ae handles to different tools and 
appear on the side of the quarter- farm implements. The lightness 
sawed board in Figure 267. of wood is also of importance in 
ee peace “an most of the cases mentioned. 
The disadvantages of wood for 
some uses are so great that other materials have been substi- 
tuted for it. Wood decays rapidly when moist and exposed to 
air. Another great objection to the use of wood is its com- 
bustible nature. Because of this property, fireproof materials 
like metals, stone, cement, brick, tile, and terra cotta have been 
substituted for it. The development of machinery has made 
it necessary to use iron and other metals to a large extent. 
Not only must the materials of which machinery is made be 
fireproof, but they must have great strength and weight. The 
greater strength and durability of these substitute materials 
indicate another disadvantage in the use of wood. 
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Exercise 1. Make a summary of the principal steps in preparing 
wood for use. 

Exercise 2. Make a 
table showing the ad- 
vantages and disad- 
vantages of wood as a 
building material. 

Exercise 3. Examine 
the pieces of wood in 
the different articles of 
furniture in the school 
room and at home, and 
see if you can tell if 
they are quarter-sawed 
or tangential-sawed. 

Exercise 4. Gotoa 
lumber-yard and ask 
for small pieces of vari- 
ous kinds of wood saw- 


See ec crent pis Re Fig. 269. A Granite Quarry 
Label them on one side. - 

; 1 \Vhe huge block has been split by the 
Examine them unt wedges. The cable is fastened around this 
you think you can _ plock which is about to be lifted from the 
recognize them. quarry by means of a large hoisting-crane. 


Courtesy Boutwell, Milne and Varnum Co. 


PROBLEM 2: WHAT ARE THE CHARACTERISTICS OF THE 
PRINCIPAL BUILDING STONES? 


The combustibility, rapid decay, great cost, and lack of 
strength of wood as a building material have led to the use 
of stones and other materials obtained from the earth. Espe- 
cially in large cities, safety from fire requires the use of non- 
combustible materials. Nearly $100,000, 000- worth of stone is 
used in construction each year in the United States. 

There are five important building stones. Granite, sand- 
stone, limestone, marble, and slate are found in various parts 
of our country. The ease with which they can be quarried 
(Figure 269), cut, and transported, and the fact that large 
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deposits are found near cities where they are used, have made 
them cheap. They wear better than wood, and can with- 
stand the strain of greater weights. For foundations and large 
buildings, they are especially fitted. Most of them are dur- 
able under all weather conditions. Can 
you distinguish one from another? 


Experiment 66: What are the properties of 
granite, sandstone, limestone, marble, 
and slate? 


(a) Examine pieces of granite. In the 
coarse granites you can see distinctly three 
kinds of materials. The white glass-like 

d crystals are quartz. The dull white-to- 

men, the particles of the : 
dittecont Geatiicle ane oe salmon-colored masses are feldspar. Scat- 
small that it is difficult to tered between the quartz and the feldspar 
see them. are black particles of mica (isinglass). 
Sometimes these materials are very small 
and so thoroughly mixed that each cannot be recognized distinctly 
(Figure 270). The colors of the quartz and feldspar vary in different 
granites because of the presence of impurities. 

(b) Examine pieces of sandstone (Figure 
271). Can you see the sand particles? Can you 
break away small grains of sand? Observe the 
layer-like formation of the stone and the color 
of several samples. This color is due to im- 
purities like those in the quartz or feldspar of 
granite. Do you think that sandstone can be 
cut and chiseled as easily as granite? Why? 

(c) Examine pieces of limestone (Figure Fig8- 271. Sandstone 
272). Note that it has practically the same Grains of sand 
appearance throughout, although the colors form a hard stone 

ari 4 when compressed 
of different samples may vary from white and eeinentedm tos 
to black. Is the limestone easily broken or gether in this way. 
scratched? Does the limestone have a layer- 
like structure? Allow a few drops of hydrochloric acid to fall on a 
piece of the stone. What happens? The bubbles are carbon dioxide. 
(Try the acid test on sandstone and granite. Result?) 


Fig. 270. Granite 


In this sample, or speci- 
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(d) Examine pieces of marble (Figure 273). 


Note the crystalline 


appearance. Drop acid on the marble. Do bubbles appear? Is 


the marble as easy to scratch as limestone? Do 
you think it can be cut as easily? Has it a 
layer-like structure? 

(e) Examine pieces of slate (Figure 27 4). Note 
the smooth surface. Try the acid test. Try to 
break the slate, and observe that it splits into 


layers. 


Exercise 5. Summarize the information you 
have gained from Experiment 66. 


Fig. 272. Limestone 
Unlike the sand- 


Granite is the strongest and most durable _ stone, separate par- 


of the building stones. The quartz in it is 


ticles cannot beseen 
in the limestone. 


very hard; this makes it difficult to cut or 


Fig. 273. Marble 
This section of a 
pillar shows the 
markings that make 
marble so attractive. 


chisel the granite into different shapes. 
The great strength and durability of 
granite, the ease with which it can be 
highly polished, and the variety of colors 
of different kinds make it especiaily useful 
for large buildings, monuments, and 
tombstones. It is so compact that not 
enough water can enter between the par- 
ticles to cause the stone to break when 
the water freezes and expands. For this 
reason you may often find, sharp projec- 
tions and faces of granite in mountain- 
ous regions, which have withstood the 


weather for many years. Gran- 


ites are so strong that a block 
of this stone one cubic inch in 
size can bear a pressure of from 
12,000 to 21,000 pounds without 


breaking. 


Sandstones are made of sand 


Fig. 274. Slate 


; aint You can see the layer-like 
which has been compressed INtO — -tructure of the stone and one of 


solid rock. The stone is easily the cracks along which it splits. 


f 
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quarried and cut. Why? Most varieties are not strong enough 
for heavy building purposes and do not last long under con- 
stant wear. You have undoubtedly seen steps made of sand- 
stone which were in part worn away by use. Sandstones of 
many colors and degrees of hardness are found in the United 
States. The brownstone of Connecticut and New Jersey, the 


ce . Se EAS SN 
Courtesy Indiana Limestone Quarrym 


Ss 


en’s Association 


Fig. 275. A Limestone Quarry 


The steam channeling-machines cut the solid rock into huge blocks. 
The block which is being lifted by the derrick weighs over 10 tons. This 
quarry is at Bedford, Indiana. 


drab-colored Berea sandstone of Ohio, the light drab, or 
dove-colored, Waverley sandstone of southern Ohio, the dark 
purplish-brown coarse sandstone of the Lake Superior region, 
and the lighter colored sandstones of St. Genevieve, Missouri, 
are among the most important deposits. 

Limestone is probably the most common of all natural 
building stones. It varies in color from nearly pure white 
to gray and black. It finds many uses other than ordinary 
building purposes, such as in the manufacturing of cement, 
fertilizers, glass, and lime, in making roadbeds for highways 
and railroads, and for freeing iron from its ore. It is usually 
very hard and cannot be easily cut. The gray-colored stone 


ve 
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is used extensively for trimming brick buildings. The largest 
quarries are found in Ohio, Illinois, Indiana, and Vermont 
(Figure 275). 

Marble is the most beautiful of all building stones. The 
pure white and the rich colors in different varieties give the 


Underwood and Underwood 


Fig. 276. A Beautiful Marble Building 


This is a view of the auditorium at the Arlington National Cemetery. 


stone extensive use in constructing fine buildings (Figure 276). 
The white, gray, brown, reddish, and blue-colored varieties 
are particularly ornamental, although the white is easily 
stained. Its structure, or texture, allows it to be highly 
polished, but makes it hard to cut and chisel. The Vermont 
quarries are the most famous in this country. 

Slate is used principally for rooting and blackboards. The 
layer-like structure of the stone makes it possible to split 
the stone into slabs. These slabs may then be surfaced until 
they are quite smooth. The stone is fairly hard, but does 
not withstand great wear. The principal slate quarries are 
found in Pennsylvania, New York, and Vermont. 
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Exercise 6. Examine different stones used in constructing your 
schoolhouse and other buildings. For what parts of the buildings is 
each kind of stone used? Why? 

Exercise 7. Make a collection of pieces of building stones, and see 
if you can recognize the different stones described in this problem. 

Exercise 8. Why are steps made of sandstone worn down rather 
rapidly? 

The building stones were formed in different ways. The 
process of formation of these building stones explains the 
differences in their structure and appearance. Granite is 
an igneous rock (igneous refers to fire). It was formed when the 
different rock materials which are in it, melted, mixed together, 
and then cooled. It therefore shows no layer-like structure. 
Sandstone and limestone are called sedimentary rocks. Sand- 
stone was once fine sand deposited in a body of water and later 
covered to a great depth with other materials, like mud or 
limestone, which compressed it into a hard stone. Similarly, 
limestone was formed in layers when millions and millions of 
small water creatures died and their skeletons sank to the 
bottom of the water to be covered with other deposits and 
pressed into solid stone. Marble and slate are known as 
metamorphic rocks. They were formed from sedimentary 
rocks which were covered by deep layers of other materials 
and then subjected to great heat, as well as to the pressure of 
the layers above. The great heat and pressure changed lime- 
stone to marble, and changed shale, that is, compressed clay 
deposits, to slate. 


Exercise 9. Make a table in which you summarize the properties, 
uses, and formation of each of the five building stones. 


A CoMPARISON OF BuILpING STONES 


KIND PROPERTIES USES | FORMATION 


Granite 
Sandstone 
ete. 


\. 
Sy 
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LEM 3: HOW IS CLAY USED FOR CONSTRUCTION? 


Clay deposits are so common that for centuries great amounts 
of clay have been used in many different countries to make 
brick, tile, and other building materials, and also pottery. 
Parts of buildings made of sun-baked clay are still found in 
Egypt and in the valleys of the Euphrates and Tigris rivers. 
The adobe buildings of Mexico and of certain Indian tribes 
in the United States 
are other examples 
of the durability 
of unburned bricks 
(Figure 277). 

Clay is used 
in making bricks. 
The bricks of today 
are made of clay, 
sandy clay, or marls. 
When bricks of pure 
clay are molded and 
baked, they shrink, 


crack, and warp; Fig. 277. An Adobe Building 


therefore, sand, Indians in Colorado enjoying a holiday at 
ashes, or cinders are home on their adobe houses. 


sometimes added to 

overcome these defects. The sandy clays are composed of sand 
and clay. If too much sand is present in the bricks, they 
will be brittle. Pure clay must be added to such sandy clays 
until the proper mixture is obtained. Marl is a mixture of 
clay, sand, and a loose form of limestone. The limestone 
makes the brick very hard and non-porous when baked. 
There are also present in the marl small quantities of iron 
oxide, lime, and soda. It is the iron oxide which gives the 
brick its red color. Lime clays or marls which contain no 
iron oxide and no plant material form white bricks when they 
are baked. 


296 MATERIALS FOR CONSTRUCTION 


Experiment 67: How can bricks be made? 


Obtain some clay and moisten it enough to make a plastic mass. 
Shape this into small brick forms. Place some in the bright sun and 
others in a hot bake-oven for several hours. Examine the bricks 
when cold. You see that they are not very hard. The heat of the 
sun or the bake-oven is not great enough to make them hard. Now 
place them on a small pan over a burner or in the firebox of a stove 
or furnace and leave them for several hours. Remove them and see 
how they have changed in appearance and texture. 


Courtesy Metropolitan Brick Company 
Fig. 278. A Brick-Stuffer and Cutter 


At the right is the brick-stuffer forcing out the long white bar of stiff 
clay. The machine at the left cuts the bar into bricks, which may be seen 
at the extreme left. 


In making bricks, the correct mixture of clay and other 
ingredients must first be prepared. From this point on, 
three different processes of shaping the clay are used. In 
one process the clay is moistened until quite plastic and is 
then pressed into molds. As it dries it contracts slightly, 
and the bricks can be removed and placed in ovens to be thor- 
oughly dried. These are soft-clay bricks and are much like 
those of early times. A second process is called the stiff-clay 
process. The clay, properly mixed, is moistened. The 
plastic mass is placed in a big container that works like 
a sausage-stuffer (Figure 278). The clay is forced through a 
rectangular hole and forms a long bar-shaped mass. The 
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Courtesy National Paving Brick Manufacturers Ass'n, 


Fig. 279. A Brickkiln 


Through the door the stack of bricks inside the kiln may be seen. 
Around the sides of the kiln you see small openings where fires are built. 
The hot gases from the fire pass into the kiln, through the spaces between 
the brick, and out the chimney at the top. 


Courtesy Metropolitan Brick Company 


Fig. 280. Discharging the Brickkiln 


The workmen enter the kilns and remove the baked bricks, after these 
have been put to hours of baking and more hours of cooling. 
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bars are then cut into proper lengths. These unburned bricks 
are dried and placed in kilns, or ovens, where they are heated, 
or fired (Figures 279 and 280). In a third process, known as 
the pressed-brick process, the clay is ground into a fine powder 
and moistened just 
enough to make the 
powder damp. This 
is placed in molds 
and compressed in- 
to brick shape by 
powerful presses, 
called hydraulic 
presses, and then 
baked. 

Tiles are similar 
to bricks in com- 
position. The or- 
dinary building tile 
and drainage tile 
are made by mold- 
— | ing the clay into 
“Courtesy Rookwood Pottery the proper shape 


Fig. 281. The Potter at His Wheel and then baking. 
By means of a foot-pedal the flat circular The beautiful orna- 
stone is rotated, turning with it the soft clay mental tiles for 
which is being shaped into a vase. Wet fingers {oo0rs and wall dec- 
and a very skillful touch and pressure transform : 
a lump of clay into a beautiful vessel. orations are also 
made of clay and 
baked, but various compounds are added before baking to give 
color. Often the plain tile is dipped into a glaze, which is a mix- 
ture of water and some color-giving compound, and is then baked 
a second time. The composition of the glaze not only determines 
the color, but it also determines the smoothness or roughness of 
the surface of the baked tile. By selecting the proper materials 
and baking them at correct temperatures, a large variety of ma- 
terials like pottery, china, porcelain, and terra cotta can be made. 
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Pottery is made of clay. The clay that is used for pottery 
such as china and porcelain is very pure. It is free from iron 
compounds which would cause it to be colored when baked. 
In preparation the dry clay is ground to a very fine powder 
and then mixed with enough water to 
make it plastic. It is then shaped 
into plates, saucers, vases, or any de- 
sired form. The making of beauti- 
fully shaped vases is a fine art and 
must be done by hand, as shown in 
Figure 281. The simple forms, such 
as saucers and plates, may be shaped 
by machinery. 

After the forms are made and have 
dried for a short time, they are placed 
in kilns (Figure 282). Here they 
are heated to a high temperature for 
several hours and then allowed to cool 
in the kilns. When the objects are 
removed from the kiln, they are hard Gunteay 1h SG OOALESTEES 
but porous articles, called bisque. Fig. 282. A Pottery Kiln 
This bisque is now glazed. Whenthe | These men are “stack- 

‘ : ane ‘ 0 ing” the kiln with the un- 
article has dried, it is again fired in the joked pottcuy wasn can 
kiln, this time at a very high tem- see, the pottery is placed in 
perature. The resulting product is large Bug nene rs, These are 
very hard and white, and has a glass- Be nee ooh. 
like surface. If it is to be decorated, certain coloring materials 
are used to place the design on the article, and it is then fired 
for a third time. The coloring materials melt into the glaze 
and give the desired color as a permanent part of the glaze. 
If you ever have an opportunity to make a trip through a 
pottery, you should be sure to do so, for pottery-making is a 
most interesting industry. 

Exercise 10. State the differences in the composition, manufac- 
ture and properties of brick and tile; of brick and pottery. State 


the similarities. 


300 MATERIM.S FOR CQNSTRUCTION 


PROBLEM 4: H USED? 


Probably no building material has been substituted for 
wood to as great extent as cement. In recent years buildings, 
bridges, sidewalks, piers, fence posts, and roads, have been 
made of concrete, which is 
a mixture of cement, sand, 
and gravel or crushed stone. 
This concrete becomes as 
hard as stone. It is very 
durable and can be used 
under water as well as 
above ground. For large 
buildings, bridges, and other 
structures which must bear 
heavy weights and great 
strains, the concrete is re- 
inforced with iron rods, wire, 
or steel beams (Figures 283 
and 284). 

Cement is a combination 
of lime and clay. Cement 
is usually made by heating 

together a mixture of the 

The steel framework is ready. proper amounts of clay and 
Wooden forms for the concrete have : 
been built around a large part of the limestone, although there 
framework. Wet concrete is being are some natural rocks 
piped an phe Tar by means of the which contain the right 
pipe which leads from the derrick at f 
the top. proportion of these two 

substances. When the arti- 
ficial or natural mixture is heated to a high temperature for 
a long time, the clay and the lime from the limestone combine 
to form a compound. This hard compound is then ground 
into a fine powder forming the cement which we use. 

Most cement is used to make concrete. When it is 
used for construction purposes, cement is mixed with sand, 


Mississippi Valley Structural Steel Co. 


Fig. 283. Under Construction 
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gravel or stone, and water to make concrete. The wet, 
“mushy” concrete is placed in forms made of wood until it 
becomes hard or ‘‘sets.’”? The wooden forms are then removed. 
The “setting” or hardening is due to the action of the water 
upon the cement. The 
water is absorbed and 
combines with the cement 
to form a new compound 
so hard that it is called 
artificial rock. 

In making concrete, 
four things must be con- 
sidered. First, the mix- 
ture must be thoroughly 
wet or there will not be 
enough water to combine 
with the cement to form 
the artificial rock. 
Second, if too much Fig. 284. Completed Building 
water is used ak BO The building shown in Figure 284 has 
the concrete, it may been completed. The wooden forms are 


wash the cement away removed. Concrete covers the steel 


F frames, forming a reinforced-concrete, 
from the other parts of fireproof building! 


the mixture, leaving only 

sand and gravel. The mass will then not harden properly. 
Third, there must be a correct proportion of cement, sand, and 
gravel or stone. If there is too much cement in the mixture, it 
will crack easily; if too little cement is used, the sand and 
gravel will not be cemented together well. Fourth, the concrete 
must be kept in the forms and be allowed to harden for days 
before it is used. Thus, in road-building traffic is not allowed 
on the road until weeks after the concrete is placed. 

The correct amounts of the cement, sand, gravel, and stone 
vary with the different uses of the concrete. For making side- 
walks, roadbeds, and foundations, the mixture may consist of 
one part cement, two to three parts sand, and four to six parts 


Ce We sae 


Mississippi Valley Structural Steel Co. 
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Ewing Galloway 


Fig. 285. Building a Concrete Road 


Cement, water, and crushed stone are placed in the big drum at the left. 
As it rotates, these materials are thoroughly mixed. The mixture then 
flows down the chute to the roadbed, where it is leveled by the workmen. 


gravel or crushed stone (Figure 285). The top layer of 
sidewalks and roadbeds is usually made of cement and fine 
sand without the gravel or crushed stone. This makes it 
possible to give the surface a smooth finish. 


Experiment 68: How can you make concrete? 


Thoroughly mix one part of cement with four parts of sand. Add 
enough water, stirring the mixture to make a stiff paste. Transfer 
the mixture to a small box and allow it to stand. Moisten it thoroughly 
every day and after several days try to break it. 

Place one box of the mixture under water and see if it hardens. 


Exercise 11. Make a brief topical outline which you can use for 
a recitation on ‘Cement and Concrete.” 

Exercise 12. If concrete is being employed for building purposes 
in your neighborhood, observe the various processes which the work- 
men use and explain how and why they carry out each step. 

Exercise 13. People often speak of “cement” sidewalks. Is this 
correct? TWxplain. 
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Poort ati 8: HOW IS LIME USED FOR BUILDING 
PURPOSES? 


Lime is made from limestone. You recall that limestone is 
one of the important building stones. While it is used directly 
for building, it is also the source of lime, a substance which is 
very important for construction purposes. 


Courtesy Rock Products 


Fig. 286. Six Limekilns in a Row 


The limestone is dumped into the top of the kiln from the platform 
shown at the top. See Figure 287 which shows the construction of a 
kiln. Each of these kilns can produce from 12 to 15 tons of lime a day. 


Experiment 69: How can you make lime? 


Break a lump of limestone into small pieces and place them in a 
crucible or small iron dish. Heat the limestone to a red heat for 
an hour. Allow it to cool. Observe that, the white substance which 
is left crumbles easily. When it is quite cool, add a few drops of 
water and note that the lime becomes warm. (If you have no way to 
heat the limestone, get a small lump of quicklime from the lumber- 


yard or some other place where lime is sold.) 


Lime is the white material which you have probably seen 
where brick or stone walls were being built or where build- 
ings were being plastered. The stone-mason or brick-layer 
adds water to lumps of lime in a mortar-box. The water often 
becomes so warm by its chemical action on the lime that some 
of the water is changed to steam and rises above the box. 
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Lime is manufactured in large quantities in a way similar 
to that used in Experiment 69. Limestone is placed in a 
cylindrical kin (Figures 286 and 287) lined with fire-brick. 
The fire around the bottom of the kiln is started, and the hot 


ag2a= 
HHH 


Fig. 287. Sectional View 
of a Limekiln 


The hot gases from the 
fire-box pass upward and 
decompose the limestone. 
The lime sinks to the bot- 
tom, where it is dropped 
into the lime car when the 
draw gate is opened. 


These materials help to hold the plaster together. 


gases rise through the limestone, which 
decomposes, giving off carbon dioxide 
which escapes with the fire gases. The 
limestone becomes porous as it decom- 
poses, and some of it crumbles into 
powder. This lime, called quicklime, 
settles to the bottom of the kiln where 
it is removed, as shown in Figure 287. 

Lime is used to make mortar, plas- 
ter, and stucco. In very early times 
walls of brick and stone were laid with- 
out mortar, but even the Egyptians, 
Greeks, and Romans knew how to 
make and use mortar. Mortar and 
plaster are made in much the same 
way. Water is added to quicklime, 
with which it combines to form slaked 
lime. Then enough water is added 
to make a thin paste. Sand is mixed 
with this in proper amounts to make 
a stiff paste. Usually some cement is 
also added to give the mortar greater 
strength when it hardens. If it is de- 
sired to have colored mortar, coloring 
material is mixed in. For making 
plaster, hair or wood pulp is added 
to the mixture of sand and lime. 
Stucco is 


a plaster or mortar used to finish the outside of buildings. 
The building is covered with wire netting or laths of wood 


or iron, and the stucco is then put on. 


The rough surface 


adds to the appearance and helps prevent cracks showing. 
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Experiment 70: How can you make mortar? 


Add water to some lumps of quicklime. Note how the lime 
crumbles and that it becomes too hot to touch. Continue to add 
water slowly, and stir until you have a thin paste. Then add sand 
until a thick paste results. Place this paste in a small box or between 
two bricks, and allow it to harden. After several days or weeks place 
a few drops of an acid on the mortar and note the bubbles formed by 
the action of the acid. The mortar has in part changed to limestone. 


When mortar, plaster, or stucco hardens or “sets,” the slaked 
lime combines with the carbon dioxide of the air to form 
limestone. In time the limestone becomes very hard and se- 
curely holds the sand particles in it. If cement is used with 
the lime and sand, the cement sets by combining with the water 
present and forms a hard stone. You can show the presence 
of limestone in hardened plaster, mortar, or stucco, by adding 
a few drops of acid and observing the bubbles of the gas formed, 


Exercise 14. State the differences in making lime, mortar, plaster, 


and concrete. 
Exercise 15. Collect samples of hardened plaster, mortar, and stucco. 
Test them with an acid to see if they contain limestone. 


(PROBLEM 6: HOW IS GLASS MANUFACTURED? 


The peculiar properties of glass make it usable for many 
purposes. When glass is hot and soft it may be molded, pressed, 
or blown into any shape, but when cold, it is very hard and 
durable and is not acted upon by air, water, and most chem- 
icals. It breaks rather easily when struck a sharp blow, but 
can bear great weights without cracking. Sudden changes 
of temperature may crack it. When heated, it does not 
change to a liquid at a definite temperature like some solids (ice, 
for example), but gradually becomes soft and plastic as the 
temperature is increased. In cooling it slowly changes back 
into a solid, allowing time for molding and shaping it. Prob- 
ably its most important property is its transparency; because 
of this property no good substitute for it has been found. 
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Glass is manufactured in large tanks lined with fire-brick 
and heated by flames of burning gas. The hot gases from the 
burners pass over the mixture of raw materials in the furnace 


Fig. 288. Blowing Glass 


The man in the foreground is 
blowing a ball of glass to be drawn 
into a large cylinder. Back of 
this man you can see the hole into 
the white-hot furnace, from which 
the other man is drawing another 
ball of molten glass. 


S SESS SN 
Keystone View Co. 


and melt the ingredients to- 
gether into a soft mass. When 
the mixture has thoroughly com- 
bined to form glass, it is ready 
to be blown, pressed, or rolled 
into shape. The mixture which 
is placed in the furnace to make 
common glass usually consists 
of sand, mixed with soda and 
limestone in about the following 
proportions: sand, 6 parts; soda, 
2 parts; limestone, 1 part. 
Window glass and cheap plate- 
glass are made of such mixtures. 

The different shapes of glass 
articles are produced by blow- 
ing, molding, and rolling. To 
make small tubes, the workman, 
called a glass-blower, dips one 
end of an iron tube, a few feet: 
long, into the molten, or liquid, 
glass through a hole in the side 
of the furnace. He twists the 
tube and withdraws it, bringing 
out a small ball of glass on the 
end of the tube (Figure 288). 
By blowing in the other end he 
can form a small opening inside 


the ball, and then, by clamping one end of the glass ball in 
place by:means of machinery and pulling on the iron tube, 
the hollow ball of glass can be drawn out into a long cylinder. 

For making window glass a large ball of glass on the end of 
a blowing-tube is blown into a long cylinder a foot or more 
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in diameter. The cylinder is then split lengthwise with a 
diamond glass-cutter and laid in an oven. Here it softens and 
becomes flat. It must then be heated again and allowed to 
cool very slowly in another oven. This process is called 
annealing. Annealed glass does not easily break or crack. 
For rolling plate-glass the molten liquid is drawn from the 
furnace into a large metal pot and then poured on a large flat 
iron table. Here rollers squeeze it to the proper thickness. 
The plate when cool is uneven and must be ground and sur- 
faced until it is flat and smooth. For making tumblers and 
bowls, and similar open vessels, the molten glass is poured 
into a mold of correct size for the outside of the vessel. A 
plunger which has the size and shape of the inside of the 
vessel is then pressed into the mold, squeezing the soft glass 
into shape. This process is called pressing. 


Exercise 16. Make a statement outline for a talk on ‘“The Story of 
a Pane of Glass.” : 


PROBLEM 7: HOW_ARI NED AND USED? 


AM 

We live in the ‘Metal age.’ The manufacture of iron 
and steel is the worlt’s greatest industry. Such great indus- 
trial centers as Pittsburgh, Gary, and Birmingham owe their 
development to the huge iron and steel plants. Large city 
buildings, bridges, steam engines, automobiles, ships, and 
railroads are but a few of the important constructions for 
which iron and other metals are used. Fences, nails, bolts, 
stoves, furnaces, sewers, tools, tableware, hardware, and 
thousands of other necessary articles are manufactured from 
metals like iron, copper, lead, zinc, and aluminum. Besides 
these more commonly used nfetals, there are many others, like 
manganese, mercury, arsenic, bismuth, cadmium, chromium, 
molybdenum, nickel, cobalt, silver, gold, platinum, tin, and 
tungsten. While a few of the metals are found free, or un- 
combined with other materials in the earth, for example, gold, 
platinum, and copper, the principal sources are rock-like ma- 
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terials, called ores, composed of compounds of the metals. It 
is from these ores that the metals are manufactured. 

Iron must be freed from its ore. Let us consider how 
iron, the most important of all metals, is obtained from its 
ores. After the iron ore is taken from the mine, it is shipped 
to the iron or steel mills. Here it is put through a process 
called smelting. This is carried out in a blast furnace (Figure 


Courtesy Colorado Fuei and Iron Company 
Fig. 289. Blast Furnaces 


One blast furnace is shown most clearly at the extreme right. You can 
see the small car on its way to the top of the furnace. It is filled with iron 
ore obtained from the huge pile of ore in the foreground. To the left of 
the blast furnace are large containers which heat the air before it enters 
the bottom of the furnace. Examine also Figure 290. 


289), which is a large steel tube lined with fire-brick. The ore 
is mixed with coke, and limestone in proper amounts, as de- 
termined by the kind and quality of the ore used. This mix- 
ture is dropped into the furnace as shown in Figure 289. 

Hot air enters the furnace near the bottom and keeps the 
coke burning in the lower part of the furnace. As the coke 
burns, the limestone is heated and changes to lime and carbon 
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dioxide. (See page 304.) The lime left from the decomposed 
limestone combines with the melted rock-like impurities in the 
ore to form a liquid called slag. At the same time the iron is 
freed from the ore. It is melted by the great heat, and, being 


heavier than the slag, 
sinks to the bottom of 
the furnace. Through the 
openings at the side (Fig- 
ure 290) the slag and iron 
are drawn off from time 
to time. The slag be- 
comes hard when cool 
and is used to manufac- 
ture cement and fertili- 
zers. The iron is drawn 
off into molds, where it 
hardens and forms pig 
tron. Pig iron contains 
many impurities which 
must be removed before 
it can be used for mak- 
ing steel. If you are 
interested to know how 
steel and malleable iron 
are made, how tools are 
made of steel, and other 
interesting things about 
iron and steel, read about 
them in the references for 
Unit X or in a chemistry 
textbook. 


Exercise 17. 


Car for Ore, ie 
Limestone,& Coke || 10 Stack 
Trap 
Door 
To Air 
aters 
EDM AD 
Mixed ___ /eseereenceess 
Materials fA REGS. 
Hot-air 
7 / Tube 
ee, 
7H Air Hole 


Fig. 290. Sectional View of a 
Blast Furnace 


The gases which come from the top of 
the furnace go to the heaters, where they 
heat the air before it enters the furnace. 
The black drops at the lower part of this 
picture are melted iron freed from the 
ore, 


Explain why each of the following substances is used 


in producing pig iron: (a) iron ore, (6) limestone, (c) coke, (d) hot air. 


Other metals are obtained in various ways. ‘The processes 
used to separate other metals from their ores depend upon the 
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kind of compound in which the metals are found in the earth. 
For example, lead, copper, zinc, and mercury are found in 
combination with sulphur. To get any one of these metals 
from its ore, it is necessary to roast or heat the ore in the pres- 
ence of oxygen. The oxygen burns away all or a part of the 
sulphur and combines with the metal, forming an ode of the 
metal. The oxide can then be heated with coke or some other 
material which will remove the oxygen and leave the metal 
free. Other metals, like silver and aluminum, are separated 
from their ores by the use of electricity. 


Exercise 18. Make a list of the ten to fifteen most common metals. 
Under each write several uses. Following each use indicate the 
properties of the metal which give it the use. 


This unit has given you some knowledge of the many ma- 
terials in use for making different things. It will suggest 
many more not discussed here, but which you see or handle 
every day, such as rubber, leather, celluloid, paper, graphite 
(used in our pencils), etc. These will be interesting topics for 
you to investigate. 


Review Exercise on Unit X. (a) Turn back to the Preliminary 
Exercises and mark those which you answered incorrectly or failed 
to answer. Answer them at the end of your original answers. 

(b) Turn to the Table of Contents of Unit X and see if you can give 
satisfactory answers to each of the problems in this unit. If you 
cannot do so, study the text until you can. 


ADDITIONAL EXERCISES AND PROJECTS ON UNIT X 


“ Examine hardwood logs or stumps and find, by counting the 
ane rings, the age of the tree which was cut. 
Add to your list (Exercise 2, page 289) as many more advantages 
and ‘disadvantages of wood as you can. 
“& Make a collection of small pieces of different kinds of wood and 
label each. 
4. Visit any industry where building materials are being made, and 


write a report of the important steps in the preparation of the Gite 
product. 
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¥. Write to the manufacturer of the chinaware you use at home, 
requesting any pamphlet, chart, or booklet which describes or shows 
how the dishes are made. Summarize the principal steps. 

@. Observe men at work building sidewalks, or foundations and 
walls of a building, and see what they use. Explain why each ma- 
terial is used. 

- KK Make a list of the uses of glass. Collect samples of different 
kinds of glass and label them. 

8. What chemical changes have been mentioned in Unit X? 
_ Check through the unit and summarize them. 

Why are concrete sidewalks and roads laid with space between 
the sections? 

\& Why is a space left between the ends of two railroad rails? 
Between the end of an iron or concrete bridge and its support? 

jJ® The relative hardness of stones is determined by rubbing 
the stones together. The harder stone scratches the softer one; the 
softer one leaves a deposit on the harder one. Test as many kinds of 
stone as you can find and list them in order of hardness. 

12. City newspapers often have a section on the construction of new 
buildings. Turn to this section and read about the materials used. 
Also, write to some of the companies which furnish such materials, 
and obtain their pamphlets. From these you can prepare interesting 


reports to be given in class. Vv 


UNIT XI 


MACHINES FOR DOING WORK 


PRELIMINARY EXERCISES 


1. Make a list of the “labor-saving devices” which are used in the 
home; on the farm; in the factory. Use only the left half of the page. 

2. Opposite each labor-saving device listed in Exercise 1, indicate 
the method of doing the work before the device was invented. 

3. What are some machines used today which may likely be re- 
placed by new inventions? 

4. Name the machines which you think have contributed most to 
man’s progress. ' 

5. Why are wheels placed on wheelbarrows? 

6. Why are rollers placed under large buildings in moving them? 

7. List the principal sources of “power” used to do work. 

8. Which do you think is more work: (a) carrying 100 pounds up 
a stair 50 feet high, or (6) carrying 20 pounds up a stair 250 feet 
high? Why? 

9. Why does a man roll a barrel up a plank into a wagon instead 
of lifting it into the wagon? 


THE STORY OF UNIT XI 


In Unit X the present age was called “the metal age,” but 
it might just as well be called “the age of machinery,” for 
there is little work which man does today without the use of 
some device or machine. Few machines now used were known 
before the nineteenth century. As new materials for construc- 
tion, such as the metals, were discovered, many new machines 
could be made. The number and variety have become so great 
that we depend upon them every hour of the day. 

Everywhere, in homes, on the streets, in the fields, and in 
the offices and factories, man saves his strength and time 
through the use of simple devices. He has learned to make use 
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of his own physical strength and of the strength or force of 
animals, wind, water, steam, and electricity, by inventing 
devices which help him to do his work more efficiently. The 
bones, sharp stones, or crude wooden instruments which he 
used as plows have 
been replaced by steel 
plows drawn by horses 
and tractors (Figures 
291 and 292); the 
scythe can no longer 
compete with mow- 
ing machines and 
reapers; the primitive 
method of grinding 
grain has been nearly 
forgotten since the 
development of flour 


mills and feed grind- 

ers: horse-drawn ve- The water buffalo is drawing the plow 
i os 2 made entirely of wood. Compare this with 

hicles have yielded to the method shown in Figure 292. 


the steam engine, the 

automobile, and the electric car; hand, or manual, work in the 
kitchen, field, and factory is to a considerable extent now done 
by “labor-saving” machines of many different kinds. 

“There is work to be done” is an expression which you 
hear constantly. If you examine into the nature of work, 
you find that it may be mental, that is, work of the mind, or 
it may be manual, that is, work that requires the use of your 
physical strength or the use of some other force to push, pull, 
or lift some material. Though we use machines of different 
varieties to aid us in both kinds of work mentioned, we shall 
consider here only physical work and the devices used by man 
to do such physical work. 

To the scientist the term work means exerting a force 
through a distance; that is, the force must move something, 
or no work is done. This force may be your own physical 


RE ee ONO ise J 
Keystone View Co. 


Fig. 291. Primitive Plowing 
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strength or some force which you can make use of to save 
your strength and your time. If by pulling, pushing, or lift- 
ing, you succeed in moving 
an object, you do work. You 
would not, however, do work 
in lifting, pulling, or pushing on 
a house, an automobile, or other 
large object which you could 
not move. You would not, in 
these cases, accomplish any- 
thing; that is, you would not 
move the object through a cer- 
tain distance.. This gives you a 
new meaning of the word work. 
The amount of work which 
you do depends upon the force 
Cour aay Tntecuationss Haryecter =. which is used and the distance 
Fig. 292. A Modern Plow through which the force is ex- 
The gasoline tractor turns three erted. For example, if you lift 
wide furrows at one time. One a 50-pound sack of sugar from 


man can plow 11 to 18acresaday the floor to a table 3 feet high, 
with such a machine. Compare 


this figure with Figure 291. 


Ik a 

Ne 

=| baa 
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you do more work than 
when you lift a 25-pound 
sack of sugar the same 
height, or when you lft a 
50-pound sack to a stand 
one foot high. As another Fig. 293. An Inclined Plane 

example, a man weighing Such arrangement is a machine. 


250 pounds does more work The man cannot lift the barrel of salt 


in climbing stairs 50 feet ‘into the wagon, for it weighs 300 
pounds. To roll it up the plank re- 
quires a force of only 150 pounds. 


high than in climbing 
stairs only 10 feet high. 
Similarly, more work is done by the man in climbing 50 feet 
than by a 75-pound boy who climbs the same height. And so 
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you see that the force used and the distance through which 
the force acts determine the amount of work done. 

You might think that the speed with 
which you move an object determines how 
much work is done. This is not true. 
Whether the 250-pound man runs up the 
stairs or walks up slowly makes no differ- 
ence in the amount of work done. It may 
make him more tired to run up the stairs, 
but he accomplishes exactly the same work 
in either case: he lifts 250 pounds to a height 
of 50 feet. The rate of doing work does 
not determine the amount of work done. 

It is to do work, that is, to exert a force 
through a distance in order to move an 
object, that machines are used. These 
devices help you in various ways. Besides 
saving your strength and time, machines 


have three Fig. 294. 
advantages A Block and Tackle 
First, they al- With this machine 


1 t aman has to pull with 
Owyoutouse 4 force of less than 
asmall force 100 pounds to raise 
to move ag the300-pound barrel. 
heavy object. For example, to 
4 J pie, 
place a heavy barrel in a wagon, 
you may roll the barrel up a 


Bi 


Fig. 295. A Simple Machine — plank (Figure 293). Though you 
By moving the left hand up- could not lift the barrel into the 
ward a small distance the snow wagon, you can exert enough force 


on the shovel is lifted a greater 
distance. This is a lever. 


to roll it along the plank. Or, 
you may use a block and tackle 
(Figure 294), and by means of a small force lift the heavy 
barrel. Second, some machines allow you to use a large force 
to move a light object through a greater distance than the force 
is moved (Figure 295). 
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Third, machines allow you to exert a force in one direction 
and move an object in another direction. For example, with a 
crowbar or pry-pole you can push downward on one end to move 
a weight upward with the other end. (See Figure 310, page 
328.) Or you can, by a pulley arrangement (Figure 296) pull in 
any one of several different directions to move the box upward. 
The forces used to operate these 
machines are many. In early times 
man used his own strength. Later, the 
strength of oxen and horses was of 
great assistance to him. Still later, as 
he discovered simple machines of 
different kinds, wind and water were 
harnessed to run his windmills and 
water wheels. In modern times steam, 
electricity, and the explosive force of 
gas provide forces which have com- 
pletely changed his way of doing work. 
Factories do much of the work that 
was done in the home, because one 
Fig. 296. A Pulley Used man with a good machine can do many 
ae practic times as much work as one man can 
To move the box upward . 

the rope may be pulled in @° by hand. Through learning to 
direction (a) or direction make use of the forces of nature with 
(>); or if another pulley is the aid of machines, man has been 
Ure rent Ops {EBAy,, Dass able to advance to his present state of 


through it and be pulled : 
in direction (c). efficiency. 


PROBLEM 1: WHAT IS A MACHINE? 


Let us now get a clear idea of what a machine is and of 
the different kinds that are commonly used. Ordinarily you 
think of a machine as a complicated sort of thing like an 
automobile, a sewing machine, a reaper, or a washing machine. 
These are machines, but they are combinations of several 
different kinds of simple machines. Let us see what a simple 
machine is and how it works. 
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There are several types of simple machines. The most 
commonly used machines are found in your body. When 
you walk or run, sit down or get up, or lift, push, or pull an 
object, you do work by using the machines 
in the body. Like the sewing machine or 
locomotive, the human body contains many 
simple machines. Figure 297 shows, for 
example, one of the simple machines of 
the body. The muscle contracts and pulls 
up on the fore-arm, while the elbow does 
not move. The result is that the hand 
and the weight are lifted. Such a simple The clboct atialiks 
machine is called a lever. Various arrange- a hinge; the muscle 

5 shortens and _ pulls 
ments of the lever are used, as shown in the hand upward. 
Figure 314, page 331. 

A second type of simple machine is that shown in Figure 
298. Here, by turning the handle or wheel around as shown 
by the broken line, the heavy 
weight is slowly moved. up- 
ward asthe rope wrapsaround 
the axle. Only a small force is 
necessary to move the handle, 
but a weight many times as 
great as the force (measured 
in pounds) is lifted. Any 
machine like this is called a 
wheel and ale. It might just 

Fig. 298. A Wheel and Axle as well be called a crank and 

A large wheel could be used instead axle. Figure 320, page 334, 
of a crank. The rope is wrapped on shows several forms of this 
an axle attached to the wheel. Do you type. 
now see why this is called a wheel ; ; 
endiasde? A third example of a simple 

machine is seen in the plank 
with which a man is able to raise a heavy barrel into a wagon 
(Figure 293). Without the plank the man could not lift 
the barrel. With the machine he is able to roll the heavy 


Fig. 297. A Lever 
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object up the plank and place it in the wagon. The force 
in pounds necessary to push it along the inclined plank is 
far less than the weight of the barrel. This kind of machine 
is called an inclined plane. Screws of all 
kinds, such as the jack-screw shown in 
Figure 299, belong to this class of machines. 
By turning the handle of the jack-screw, a 
weight resting on top of the screw can be 


moved upward. Only a small force is 
needed to turn the handle, even if the weight 
A Tee io lifted isa large one. The inset in Figure 299, 


Asthehandleturns Which illustrates a triangular piece of paper 
away from you, the wrapped around a rod or pencil, makes it 
cri haat dap clear that the screw is nothing more than 
a circular inclined plane. Similarly, the grade of a road wind- 
ing up a mountain is an inclined plane which allows heavy 
loads to be raised to higher levels by the use of a small force. 
(See Figure 353, page 364.) 

A-fourth kind of simple 
machine is the pulley. Figure 
300 shows two different uses of 
pulleys. The arrangement at 
the left makes it possible for the 
man to pull in one direction and 
move the weight in the opposite 
direction. The force necessary, { 
however, is a little greater than Fig. 300. A Fixed and a Movable 
the weight, because of the fric- Pulley 
tion of the pulley. The arrange- How far will the weight at the 
ment at the right requires only left be lifted if the hand moves 


; é wan aa cownward one foot? How far will 
about one-half as much force as iy, weight:at the right be lifted 4 
the weight lifted, but the foree the hand moves upward one foot? 


must move twice as far. Why? 

A fifth very common simple machine is the wedge (Figure 
301). Axes, picks, knives, plows, chisels, your front teeth, 
saws, and wedges for splitting wood are but a few examples. 
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All of these are used to overcome the force which holds dif- 
ferent materials together. By means of a wedge it is possible 
for a small force to overcome a very great resistance. The 
force must, however, be exerted through a greater distance 
than that through which the resistance is moved. Thus, in 
Figure 301 suppose that the wedge is 2 inches thick at the top 
and 12 inches long. In order to spread the wood of the log 


Fig. 301. Wedges in Daily Use 
Try to name the eight machines shown in this figure. 


2 inches, the force must be exerted through a distance of 
12 inches, or six times as far as the wood is separated. Thus 
- you see that a small force on the wedge can overcome the 
great resistance of the wood. 

A sixth type of machine, which seems to be much different 
from those mentioned above, makes use of centrifugal force. 
Thus the stone in a sling has great force when the sling is 
whirled rapidly. The cream separator, for example, is a 
machine which makes use of this force caused by turning the 
crank. Water is pumped by centrifugal pumps in a similar 
way. Such machines are called centrifugal machines. A ma- 
chine of this kind is shown in Figure 339, page 353. 
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Machines do not save work. You can see from the few 
examples mentioned that many simple machines are used to 
do work in the home, in the factory, and on the farm. They 
do not, however, as one commonly hears, “save work.” The 
amount of work needed to make a machine operate is, because 
of friction, always greater than the work which the machine 
does. Why, then, are they used? The answer to this question 
will explain what a machine is, and may be stated as follows: 
‘A machine is a device which uses energy to do work more effec- 
tively than it can be done without suchydevice. ) 

The force which is used to operate a machine may be 
human or animal strength, or the energy of air, water, steam, 
electricity, light, or heat. In all cases the energy used on 
the machine must cause the machine to move some object 
by lifting, pulling, or pushing it, that is, by overcoming the 
resistance which tends to keep it from moving. The resistance 
may be due to the weight of the object caused by the attraction 
of the earth, or gravity, to friction between the object and 
the material on which the object rests, or to the foree which 
holds parts of the same material together. Thus, when you 
use a machine to lift an object, that is, move it to a higher 
level, the work done results in raising the object against the 
pull of gravity; when you pull or push an object by the use 
of a machine, you must put force of some kind into the ma- 
chine so that the machine will overcome the friction between 
the object and the material on which it moves; when you use 
a machine to separate materials, as in the case of a wedge 
used to split wood or of a hammer used to pull a nail, you 
must exert a force on the machine, and the machine will then 
overcome the resistance of the materials to be separated. A 
machine does not save work. 


Exercise 1. From your study of the paragraphs above and from 
your own experiences with different kinds of machines make a list of 
the various machines which you know, grouping them under the 
following heads: (a) lever, (6) pulley, (c) inclined planes, (d) wheels 
and axles, or cranks, (e) wedges, (f) centrifugal machines. 
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Exercise 2. The principal reasons for using machines are given 
below. Copy these, and under each, name several common machines 
which illustrate each use. Give, following the name of the machine, 
a particular everyday use, as shown in the example under reason 1. 


(1) To move an object or overcome a resistance by using a force in 
a direction different from the direction in which the object is to be 
moved: 

Example: Crowbar (lever)—to raise a stone by pushing downward 
on the opposite end of the crowbar. 

(2) To lift a large weight by the use of a small force: 

(3) To overcome a great resistance by use of a smaller force: 

(4) To move a small weight through a great distance by using a 
large force through a small distance: 

(5) To move an object more rapidly than the speed of the force 
which is used to operate the machine. 


PROBLEM 2: HOW CAN YOU MEASURE WORK? 


Every machine is used to do work. If, therefore, you wish 
to know how much work is done, you must have some way of 
measuring it. Just as you use the inch, foot, yard, or mile 
as a unit to measure distance or length, so you must have a 
unit for the measurement of work. 

Work may be measured in different units. You know that 
the amount of work done by a machine depends upon the force 
exerted and the distance through which the object is moved. 
Work, you see, includes two factors: force and distance. 
The unit of work must, therefore, be a combination of a unit 
of force and a unit of distance. 

Now there are two different systems of measuring force 
and distance. The English system, which is commonly used 
in our country and in Great Britain, measures force in ounces, 
pounds, or tons, and distance in inches, feet, yards, rods, or 
miles. The metric system, used in most countries and by 
scientists in all countries, measures force in grams or kilograms 
and distance in millimeters, centimeters, meters, or kilometers. 
The metric system is the simpler of the two. It is often called 
the decimal system, because each unit is multiplied by ten 
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ENGLISH AND Metric EQUIVALENTS 


UNITS OF FORCE (OR WEIGHT) 


UNITS OF DISTANCE (OR LENGTH) 


(A) English to Metric 


1 ounce (0z.) =28.35 grams (g) 


1 pound (lb.) =453.6 grams (g) 


1 inch (in.) =2.54 centimeters 
(em) or 25.4 millimeters (mm) 
1 foot (ft.)=30.48 centimeters 
(em) 
1 mile (m) = 1.61 kilometers (km) 


(B) Metric to English 


1 kilogram (kg) =2.2 pounds 
(Ibs.) 

1 metric ton (T) =2204.6 
pounds (Ibs.) 


1 centimeter (em) =.39 inch (in.) 
1 meter (m) =39.37 inches (in.) 
1 kilometer (km) =.62 mile (m) 


to get the next larger unit. 
in which to calculate. 


This makes the system an easy one 
Table XII and Figures 302 and 303 


show a few comparisons of the two systems. These will prove 


useful to you in calculation. 


| | SS 


Fig. 302. English and Metric Weights 
Compare these figures with those in Table XII. 


it is the centimeter-gram. 


You may use either the metric 


~ or the English system to measure 
work, but you must be careful not 


to measure force in 
one system and dis- 
tance in the other. 


1Gram 

equals 

4s Ounce Work equals force 

dsseouns times distance. The 
db unit of work in the 


English system is 
the foot-pound; in 
the metric system 


Thus, if you move or lift an object 


one foot with a pull or push of one pound, you do one foot-pound 


of work (Figure 304). 


Similarly, if you move or lift an object 


\ 
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through a distance of one centimeter with a pull or push of 
one gram, you do one centimeter-gram of work. If you lifted 
two pounds of material to a height of one foot, you would do 


2.54 Centimeters 30148 Centimeters 100 Centimeters: 


] ] | | 
10 2lo 3iio 4lo 5lo 610 7lo 810 glo 
t A METER STICK i 


"A YARD STICK 
1iinch 1'Foot 


2\Ft. 


39.37 Inches! 


are there in one foot? Compare the figure with Table XII. 


sled with a force of 20 pounds for 
100 feet would require 2000 foot- 
pounds of work. 


Exercise 3. How many foot- 
pounds of work are done when you 
climb a stair 50 feet high? 

Exercise 4. How many centi- 
meter-grams of work are done when 
-a weight of 2500 grams is lifted one 
meter? 

Exercise 5. A winding road 
1200 feet long leads up a hill 100 
feet high. A horse pulls a load of 
coal weighing one ton to the top of _|_ How much work is done in 
the hill. To do this the horse must aie Ae ae pee UP 2 
exert a constant pull of 200 pounds. potnd bag up to (a)? To ()? 
(a) How much work does the horse (3) The 5-pound bag up to (b)? 
do in pulling the load? (b) How 
much work is really accomplished by raising a load of one ton 100 
feet? The difference between (a) and (6) is work used to over- 
come friction. How much is this? 


Lion 


Fig. 304. Doing Work 
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PROBLEM 3: HOW DO MACHINES WORK? 


The number of different machines is so great that we shall 
consider only a few of the simpler types. Since the principle 
upon which all machines work is the same, let us see what 
this principle is by considering the inclined plane, the lever, 
the pulley, and the wheel and 
axle. If you’ understand 
these, you can explain any 
kind of simple machine. 

The inclined plane shows 
the machine principle. Per- 
haps the inclined plane is more 
easily understood than any 
Fig. 305. Sliding Friction other machine. 


Experiment 71: How does an inclined plane work? 


(a) Get a smooth board a foot wide and eight feet long. Support 
one end of the board two feet above the table, allowing the other end 
to rest on the table. Provide also a small toy wagon or two sets of 
smali wheels, a box, and some 
iron weights or stones. Place the 
weights or stones in the box and 
weigh the box and contents. Also 
weigh the wagon or wheels. At- 
tach a string or cord to the box 
and place it at the lower end of 
the board. Put the wagon or 
wheels in the box. With a spring 
balance slowly pull the box and 
contents up the board (Figure 
305). Read the balance while you are pulling the load. Record the 
total weight of the load which you obtained by weighing box, 
wheels, and weights, and also the force necessary to move the load 
up the inclined plane. 

(6) Now place the wheels or wagon under the box (Figure 306) and 


again pull the load up the plane, reading the balance. Record the 
force which is required. j 


Fig. 306. Rolling Friction 
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Exercise 6. In both parts of Experiment 71 you see that the same 
weight or load was moved up the plane. What was the weight lifted? 
How high was it lifted? What force was required in part (a)? In part 
(b)? How much work was done by you in part (a)? How much use- 
ful work did the machine do? How much work did you do in part 
(6)? How much work did the machine do? What is the advantage 
of using such a machine? Write a report on the experiment, answer- 
ing these questions as a part of your report. 


Xb 
= 


Oz) 


Fig. 307. Inclined Planes 
Each of these machines is an inclined plane of the screw type. Com- 
pare these with the ones in Figure 299. 


The inclined plane has a mechanical advantage. Experi- 
ment 71 shows that the inclined plane allows you to lift a heavy 
object with a small force, but that you must move the force 
through a greater distance than the weight is lifted. If there 
were no friction, it would require a force only one-fourth as 
great as the weight, for the distance through which the force 
acts is four times as great as the distance the weight is lifted. 
Such a machine would have a mechanical advantage of four, 
because the weight is four times as great as the force required 
to lift it. 
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The efficiency of machines varies. The work which you 
put into the machine in part (a) of Experiment 71 is much 
greater than the work which the machine does for you. You 
exerted a certain pull through a distance of 8 feet to lift a 
certain weight 2 feet. If you divide the work out (2 feet times 
the weight of the load) by the work in (8 feet times the pull 
necessary to draw the load) and express the quotient in per 
cent, you have the percentage efficiency of the machine used in 
part (a). 

Exercise 7. What is the efficiency of the machine used in part 
(a) of Experiment 71? 

Exercise 8. What is the efficiency of the machine used in part (0b)? 

No machine is one hundred per cent efficient. There is 
always some friction in every machine. The “work in” must 
be more than the ‘“‘work out”’ because the “work in” must over- 
come the friction as well as move the object. If there were no 
friction in the machine, the weight times the distance which 
it is lifted would equal the force times the distance it moves. 
This is the principle of every machine. It is easy to remember 
as the scientist states it: F’ times d; equals W times d,. (dy 
means the distance which the force moves; d, means the dis- 
tance which the weight is lifted.) 

Exercise 9. Make a list of ways not mentioned in the text in which 
inclined planes can be used. (See Figure 307 for suggestions.) 

Exercise 10. In order to get an automobile weighing 3200 pounds 
into a railroad car which is 4 feet above the ground, the automobile 
is pulled up two inclined planks 20 feet long. The force required 
is 1000 pounds. What is the ‘work in’? What is the “work out’’? 
What is the efficiency? The actual mechanical advantage of the 
inclined plane is 3.2. If friction were neglected, it would be 5. 
Explain why these statements are true. 

The lever is much like the inclined plane. A Greek scientist 
once said that if he had a pole long enough and strong enough 
and a place to rest it, he could lift the earth. He had just 
discovered how to use a lever. Since his time many different 
kinds of levers have been used. 
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Experiment 72: How does a lever work? 


Balance a meterstick or a yardstick above a table by means of 
a string attached at the middle (Figure 308). Hang a large weight 
on the stick a few inches from the support. On the other side of the 
support, or fulcrum, hang a known weight, which is only about one- 
fifth as great as the large weight, at such point on the stick that 
the small weight just causes the balance to tip, lifting the larger 
weight. Bring the balance to a hori- 
zontal position and measure the dis- 
tance of the weights above the table. 
Now allow the balance to tip until the 
small weight just touches the table. 
If the small weight is considered the 
force, how far did the force move? 
How far was the weight (the larger weight) lifted? What was 
the “‘work in”? The ‘‘work out’’?? What advantage has such a 
machine? What is the mechanical advantage of the machine? 
Shift the large weight to another position and repeat the entire 
experiment, answering the same questions for the second trial. 

Exercise 11. Calculate the effi- 

First class lee ciency of the lever which you used 

"in Experiment 72. Is this machine 

more or less efficient than the in- 

clined plane used in Experiment 
71? Why? 

There are three kinds of levers. 
You can readily see that levers 
may be of three different kinds, 

Fig. 309. Classes of Levers = a5 shown in Figure 309. The 

In the third class Jever the first-class lever has the fulcrum 
eis 4 Sg the lever must tL otween the weight or resistance 

and the force; the second-class 
lever has the weight or resistance between the fulcrum and 
the force; the third-class lever has the force between the weight 
or resistance and the fulcrum. 

In every lever of the first class the force is applied at one 
side of the fulerum, and the object lifted or the resistance over- 


‘ 


Fo. 
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come is on the opposite side. Many common devices belong 
to this class, such as the tack-puller, shears, pliers, pry-pole, 
teeter-totter, and boat oars. When the dis- 
tance between the force and the fulcrum is 
greater than the distance between the weight 
or the resistance 
and the fulcrum, 
the mechanical ad- 
vantage of the 
lever is more than 
Fig. 310. A Pry-Pole—A First-Class Lever one. This is true 


A second man places a block under the log because the force 
when it is lifted. 


is exerted through 

a greater distance than the weight or resistance is moved. 

Thus a long pry-pole (Figure 310) has a great mechanical 

advantage. When the weight and force are at the same 

distance from the fulcrum, the mechanical advantage is one, as 

in a balance (Figure 311). In cases where the force is closer 
ee (1) 


Ew 
a i ——S 
Pr, ae (ara 


E a 
= MEDZ 


Fig. 311. A Lever of the First Class 


The drawing at the right shows the lever resting on the support, 
and the pans at each end of the lever. 


to the weight or resistance, as in the case of boat oars, the 
mechanical advantage is less than one. 

In second-class levers, such as the wheelbarrow and the 
post-puller, shown in Figure 312, the mechanical advantage is 
always more than one. The force always moves through a 
greater distance than the weight moves. The force is, there- 
fore, always less than the weight or resistance, unless the 
friction happens to be very great. 
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Third-class levers always have a mechanical advantage of 
less than one. The force must always be greater than the weight 


Fig. 312. Levers of the Second Class 


The solid arrows, marked “Fo.,’’ show the direction of the force. 


or resistance, since it moves through a smaller distance. Still, 


Drum for 
() Pulley Cable 
“¥a\ Drum for - 
= Lift Lever 


A at os 
Courtesy Brown Hoisting Machinery Co. 
Fig. 313. A Lever of the Third Class 

The force is exerted near the upper 
end of the crane, as shown in the inset 
above. Compare this with Fig. 309 
(third class) so that you will understand 
how it works. 


third-class levers can 
be used to advantage. 
They make it possible 
for any object to be 
moved a _ greater dis- 
tance than the force 
moves. Thus a crane 
(Figure 313) allows a 
force which moves slow- 
ly and through a dis- 
tance of only a few feet 
to move an object rapid- 
ly through a great dis- 
tance. Such machines 
have a mechanical ad- 
vantage of distance or 
speed. 

You see from your 
study of the lever and 
the inclined plane that 
the same principle ap- 


plies to both kinds of machines. Weight times distance equals 
force times distance, when friction is neglected. 
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Exercise 12. A man has a pry-pole 10 feet long (Figure 310). He 
uses it as a first-class lever to lift a log, one end of which weighs 1000 
pounds. The fulcrum is one foot from the end under the log. Ex- 
plain how you determine what force he must exert to raise the log. 
Bear in mind that the log is lifted only one-ninth 
as far as the force is exerted, because the distance 
from the fulcrum to the force is nine times as 
great as the distance from the log to the fulerum. 

Exercise 13. To which class does each of the 
levers in Figure 316 belong? Why? List each 
device, and opposite it state whether it is a lever 
of the first class, second class, or third class. 

Pulleys are useful machines. You have 
seen combinations of pulleys used to lift 
objects, to pull boats out of the water, to 
operate cranes and derricks, and to move 
machinery. The simplest pulley is a fixed 
pulley (Figure 314). Its only advantage is 
to change the direction of the force, but even 
this is of great importance. You can, for 
example, lift an object to an upper story of 
a building by means of a pulley and a rope. 
You can use your weight to pull downward, 
moving the object upward. The force is practically equal to the 
weight, and one moves as far as the other. Why? If there 
were no friction, the force and the weight would be equal. 


Fig. 314. A Single 
Fixed Pulley 


Experiment 73: How can different sys- 
tems of pulleys be arranged? 


(a) Set up a pulley as shown at the 
left in Figure 315, and hang an equal 
weight on each side. If you consider one 
weight the force and the other the weight 
or resistance, you see that they are equal 
and move the same distance. If you wish to move the weight, it is 
necessary to add more force to overcome the friction. 

(b) Arrange a pulley as shown in the middle of Figure 315, using 
a spring balance. Weigh the weight and pulley. Now lift the weight 


Fig. 315. Pulley Systems 
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Fig. 316. Common Levers in Daily Use 
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and pulley by pulling upward on the balance, and read the balance 
as you move it upward. See how far the weight is lifted by moving 
the balance one foot. How does the relation of these distances com- 
pare with the number of strands of rope which support the pulley 
to which the weight is attached? What is the advantage of such an 
arrangement? Calculate the mechanical advantage and the efficiency 
of the machine. 

(e) Set up a four-strand pulley system as shown at the right in 
Figure 315. This is commonly called a block and tackle. Experiment 
with this as you did with the two-strand system. 


dé 


y) 2 5 7 Wea 
om J ar — y) 
S.A, Fig. 317. Different Pulley Systems os 


In the systems which have two, four, and six strands supporting the 
movable pulley and the attached weight, is the tied end of the rope 
fastened to the movable or fixed pulley? 


Exercise 14. Why is a single fixed pulley ever used if it has a 
mechanical advantage of only one? ‘ r 

Exercise 15. Draw the following systems of pulleys: 3-strand, 
4-strand, 5-strand, 6-strand, 7-strand. (See Figure 317 for help.) 

Exercise 16. The mechanical advantage of a set of pulleys is 
equal to the number of strands supporting the movable pulley, fric- 
tion neglected. Why is this true? Give the mechanical advantage 
of each system shown in Figure 317. 


The wheel and axle is very common. The wheel and axle 
is one of the oldest of the simple machines used by man. It 
finds a great variety of uses in the form of such machines as 

cranks of automobiles, coffee grinders, egg beaters, clothes 

wringers, and churns (Figure 320). The windlass (Figure 318) 
and the capstan (Figure 319) are wheels and axles used to pull 
heavy loads. 


A Yr ‘a (& é 
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By examining Figure 319 you can see how the wheel and 
axle works. As the force moves the handle once around, the 
weight is moved by a distance equal to the circumference of 
the axle. Since the force moves much farther than the weight 
does, you see that a small force can move a large weight. 
The circumference of a circle is 22 times as great as its 
diameter. If the wheel has a diameter of 28 inches and the 


Fig. 318. A Double Wheel and Fig. 319. A Capstan on Ship-Board 
a Single Axle One man holds the rope at the right 
Two men can work this wheel to keep it from slipping, other men turn 
and axle, called the windlass. the capstan by means of the bars, and 
The windlass must, of course, be the rope at the left (as it is wound on 
securely staked down or bolted the axle) pulls in the heavy anchor. 
- to keep it from moving. Explain the direction of the arrows. 


axle has a diameter of 7 inches, how far does the force move in 
making one turn of the wheel? How far is the weight moved? 
How do these distances compare? Note that the comparison, 
or ratio, is the same as the ratio of the diameters of the wheel 
and the axle. 
When the diameter of the wheel is greater than the diam- 
eter of the axle, the mechanical advantage of the machine is 
greater than one, and the force must move farther than the 
weight is lifted. Neglecting friction, the mechanical advantage 
can always be obtained by dividing the diameter of the wheel 
by the diameter of the axle, or by dividing the radius of the 
wheel or the length of the crank by the radius of the axle. 
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Another form of the wheel and axle is seen in a system of 
pulleys connected by belts, as shown in Figure 321. Such an 
arrangement is often used to transmit the force of one machine 
to another part of the machine or to a second machine. These 
pulleys are belt pulleys and are not like the ones previously 


Fig. 320. Wheels and Axles in Daily Use 
Name the seven wheel-and-axle machines shown in this figure. 


described. The pulleys marked P, P’, and P” are attached to 
engines and are known as the power pulleys. Those marked 
M, M’, and M” are attached to machines which are to be 
operated by the engines. 

If the pulleys are of the same size, they will turn at the 
same speed. The only advantage here is that the force can be 
transmitted to another machine some distance from the source 
of power. The belt may be twisted, of course, as in the middle 
drawing of Figure 321, in order to change the direction in 
which the second pulley runs. If the pulley on the engine is 
larger than the one attached to the machine, the machine 
pulley must make more revolutions than the engine, or power, 
pulley. Similarly, if the diameter of the engine pulley is only 
one-third the diameter of the machine pulley, the speed of the 
second pulley will be only one-third that of the first. By 
changing the sizes of the pulleys any desired speed of the 
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second pulley may be obtained. You see that this is really a 
wheel and axle used to govern the speed of a machine. 

A very common form of the wheel and axle is the gear, 
which serves the same pur- 
pose as the belt pulleys just 
described. Years ago the force 
of a machine was transmitted 
to another part of the ma- 
chine, or to another machine, 
by means of two smooth cyl- 
inders placed against each 
other. The friction between 
these caused the second one 
to turn when the first was re- 
volved. Because they slipped 

Fig. 321. Belt Pulleys easily, wasting power and mak- 

Each upper pulley isattached to ing the speed of the second 
the epee or Pay, eke: ye pulley or cylinder irregular, 
lower, pulley ie attached fo te the eylinders were notched. 
transmit the power. Since these notches soon wore 

off, another improvement was 
made. Teeth were cut into the wheel or pulley, making what 
we now know as gear wheels. 

Gear wheels are used in a great many simple devices, as 
well as in most complex machines. If you examine Figure 318, 
you will find a small gear attached to the shaft of the wheel. 
This gear fits into a larger one on the axle. By such arrange- 
ment the force from the handles iis transmitted to the axle. 
In the egg beater (Figure 320) and in the wheel jack (Figure 
314), you find other simple machines which make use of 
gears to transmit the force. In more complex machines, like 
an automobile or a grain binder, many gears may be found. 


Exercise 17. Examine various machines which have gears and 
answer the following questions: (a) Why are not machines made 
with a single gear wheel? (b) Why must the notches, or cogs, 
of two gear wheels like those in Figure 318 be of the same 


size? 
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Figure 322 shows how belt pulleys, gears, and gear chains 
may be used to transmit power. In the figure the large gear 
(A) is driving the small gear (B). Since there are four times as 
many cogs on the large wheel as on the small wheel, the small 
wheel will turn around four times while the large one goes 


CONNECTING _. 
ROD TO PUMP 


aud U 


Fig. 322. Pulleys and Gears 


This arrangement pumps water and saws wood. The belt drive 
comes from a large flywheel of a gas engine. 

(a) Why does the pump rod move up and down as the belt pulley 
turns? (6) In which direction will the saw rotate? (Note the small 
arrow to the left of the belt drive and you can answer this question.) 
(c) How many revolutions will the saw make for one turn of the belt 
pulley? (Gear (A) is 4 times the diameter of gear (B), and gear (C) 
is 2 times the diameter of gear (D).) 


around once. Since the teeth on two gear wheels which fit 
together must be of the same size, it is easy to see that the 
diameter of the wheels gives us the relative speed of the gears, 
and, therefore, the relative speed of the two parts of the ma- 
chine to which the gears are attached. The common forms or 
types of the gears are the spur gear, the bevel gear, and the 
worm gear (Figure 323). 
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Exercise 18. Why are the pedals of bicycles placed at the end of 
cranks? What is the advantage of having two pedals? 

Exercise 19. In Figure 322 
what is one advantage of having a 
large flywheel on the engine to 
which the belt is attached? 

Exercise 20. If the crank of 
the windlass in Figure 298, page 

TW 317, is 15 inches long and the 
ee rhea ; circumference of the axle is 15 
pe ae eee TPES 0 eS inches, how far must the force be 
Suppose the power is applied to moved to lift the water 30 feet? 


the shaft of the large spur-gear : 
wheel. In which directions will Exercise 21. Answer the ques- 


the other gears be driven? tions under Figure 322. 


PROBLEM 4: HOW CAN MACHINES BE MADE MORE 
EFFICIENT? 

Machines do not save work. We use them because of other 
advantages, such as changing direction of a force, increasing 
the distance and speed at the expense of greater force, and 
increasing force at the expense of speed and distance. There 
is no machine which gives us something for nothing; there is 
no perpetual-motion machine; there is no possibility of getting 
as much out of a machine as we put into it. 

Friction decreases efficiency. In the experiment with the 
inclined plane (page 324), you found that the wheels or wagon 
increased the efficiency of the machine. Let us see why. 


Experiment 74: How can 

friction be reduced? 

(a) In a chalk box or 
some other flat-bottomed 
container, place stone or 
iron weights and wheels, 
which will be used in part | 
(b). Place the box on @ pig. 324. Two Kinds of Friction 
table. Attach a string and 
spring balance to the box (Figure 324). Slowly pull the box along 
the table with the spring balance, and read the balance to see what 
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force is necessary to keep the box moving. Keep the balance parallel 
to the surface of the table. 

(b) Place two sets of wheels under the box and again determine 
the force necessary to keep the arrangement moving. Results? 

(c) Place the box containing the weights and wheels on small shot 
scattered on the table. What force is required to pull the box? 


Exercise 22. Record your results. State your conclusions. 


The forces required in parts (6) and (c) of Experiment 74 
are far less than that required in part (a). In part (a) the 
box slides along the 
table. Neither the 
table nor the bottom 
of the box is entirely 
smooth; so the par- 
ticles of both offer 
a resistance to the 
motion. The sur- 
face between table 
and box is very large; 
therefore the sliding 
friction is great. 

Friction can be re- 
duced. You see that 
machines can be 
made more efficient 


Fig. 325. Roller and Ball Bearings 
The larger figure shows how roller bearings are : 
arranged around the axle of the front wheelofan by reducing the fric- 
automobile to reduce friction. The smallinset tion. A balance be- 
shows how ball bearings are used for the same 
purpose. 


comes more accurate 
—it is a more eff- 
cient machine—if the beam rests on a knife edge instead of on 
a large rough surface. The smaller the surface between two 
moving parts of any machine, or between one moving part and 
one stationary part, the less is the friction. Friction can be 
reduced by making the sliding friction as little as possible. 
Another way, as you have seen, is to substitute rolling friction 
for sliding friction. This can be done by using wheels and ball 
bearings or roller bearings (Figure 325). If these bearings are 
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kept well oiled, or lubricated, the machine becomes still more 
efficient. 

You must keep in mind, however, that friction is very 
necessary. If there were no friction or too little friction 
between the engine wheels and the railroad track, for example, 
the engine could not move. The wheels would spin around 
without moving forward or backward. Or if there were no 
friction between your shoes and the floor, you could not move 
unless someone pushed you or you had a way of pulling your- 
self along. And if you once got started, you could not stop. 


Exercise 23. What disadvantages of friction can you name? What 


advantages? 
Exercise 24. Oiling a machine makes it more efficient. Explain why. 


PROBLEM 5: WHAT IS THE SOURCE OF ALL FORCES 
USED WITH MACHINES? 


All forces come from the sun. We have considered so many 
different forces that it does not seem possible that ali of these 
can come from the same source. Yet every one of them can 
be traced back to the sun. It is the energy from the sun that 
gives us the force which we can exert with our muscles, the 
force exerted by animals in pulling and pushing, and the 
force of wind, water, steam, explosions, and electricity. These 
forces are all a part of the energy, or ability to do work, which 
the different materials possess. Let us see how these various 
forms of energy come from the sun. 

Your muscular energy comes from the food you eat. As 
you expend some of your energy by exerting a force, you must, 
from time to time, take food. This food undergoes chemical 
changes and produces new compounds which build up new 
tissues in the body. These oxidize when you breathe and 
generate the heat of the body and the muscular energy to do 
work. (See page 85.) Now the food which you eat comes from 
plants, or from animals which feed on plants, and plants re- 
quire sunshine to grow and to produce the food. (See page 80.) 
Without sunshine, then, you could not have energy, and could 
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do no work. The strength or energy of all animals can be traced 
to the sun in the same way. 

It is very easy also to trace to the sun the force of falling 
or running water. The heat from the sun evaporates the water 
from the surface of the earth. As it is cooled and condensed 
by changes in weather, it falls as rain or snow. (See page 47.) 
The rain or melted snow then runs down streams. The run- 
ning water possesses energy which may be used to run water 
wheels. It may fall over dams or water-falls and turn turbines. 


Fig. 326. Transformation of Energy 


Can you trace the changes in energy from the coal pile under the boiler, 
to the steam engine, to the dynamo, to the lights, etc., in the house? 


In either case it gets its energy from the sun, which caused the 
water to evaporate from lake, stream, or ocean, and to rise to 
higher levels. 

Another source of energy, which we use in many machines, 
is steam. Steam is made by heating water. The water, let 
us say, 1s heated by wood or coal. As the wood or coal burns, 
the chemical energy of its elements is changed to heat. (See 
page 237.) But wood and coal both come from plants, which 
could grow only when the sun gave them the necessary energy 
to manufacture the compounds of which they are made. And 
so the energy of the sun makes it possible for us to have the 
force of steam to pull our trains and run machinery. 

One kind of energy can be converted into another. The 
energy of the sun may change to chemical energy in the tree, 
the chemical energy changes to heat or light when the wood 
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burns (see page 237), the heat may produce steam, the steam 
may run a dynamo and produce electricity, the electricity may: 
be changed to heat or light. This transformation of one kind 
of energy to another is certainly one of the wonders of nature 
(Figure 326). Energy can be changed to another form, but 
it can never be destroyed. There is always the same amount 
of energy in the world. 


Exercise 25. Summarize Problem 4 and all cross references in the 
form of statements which tell how one form of energy may be changed 
into another, thus: 

1. Radiant energy from the sun is changed to heat when it is ab- 
sorbed by the earth. 

2. Electric energy is changed to light in an electric-light bulb. 


Review Exercise on Unit XI. (a) Turn back to the Preliminary 
Exercises and mark those which you answered incorrectly or failed to 
answer. Answer them at the end of your original answers. 

(b) Turn to the Table of Contents of Unit XI and see if you can 
give satisfactory answers to each of the problems in this unit. If you 
cannot do so, study the text until you can. 


ADDITIONAL EXERCISES AND PROJECTS ON UNIT XI 


1. Make up a practical problem for each kind of machine studied, 
and solve it, showing all of your work. 

2. Opposite the machines in your list state the kind or kinds 
of simple machines in each. 

3. List the kinds of simple 
machines which you can find 
in a sewing machine; in an 
automobile;ina meat grinder. 

4. Explain how ascale like 
that shown in Figure 327 
works. How were the dis- 
tances between the notches 
on the left side of the lever 
determined? 

5. In pulling a heavy load 
up-hill a horse became so tired that he could go no farther. 
Was the horse working while he kept the wagon from rolling down 
hill? Txplain your answer. 


Fig. 327. A Steelyard 
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6. Can you explain how a claw-hammer works like a lever in pull- 
ing a nail? 

7. In hauling stones on a wheelbarrow, where should you place 
the stones so that the handles may be lifted most easily? 

8. Why do railroad cars have ‘“hot-boxes’’? 

9. What is the difference in the kind of machine used to row a 
boat and that used to paddle a canoe? 

10. Why are tinner’s shears made with long handles and short 
blades while tailor’s shears are made with short handles and long 
blades? 

11. What different kinds of machines are used in your automobile 
jack? " 

12. Why is each of the following devices a machine: knife, wheel- 
barrow, ice-cream freezer, sugar tongs, nut cracker, vise, egg beater, 
saw, automobile crank, spade, hay fork, pliers, ax, chisel, pump 
handle, can opener, faucet, clothes wringer? 


UNIT XII 
PUTTING THE FORCES OF AIR AND WATER TO WORK 


PRELIMINARY EXERCISES 


1. Name devices or machines operated by the force of air. 

2. What are the characteristics of air which make it of use in the 
machines you listed in Exercise 1? 

3. How can men work under water in constructing foundations? 

4. How could you use a stream to run machinery? 

5. At Keokuk, Iowa, and at Niagara Falls water is used to gen- 
erate electricity. What determines the amount of electricity which 
can be generated? Why? 

6. Of what use is compressed air to street cars and trains? 

7. How do dams make possible the use of rivers for running 
machinery? 

8. How can you empty a gasoline tank with the use of a rubber 
hose? 

9. In what different ways does air pressure work for us? 

10. How does a windmill pump water? 
11. Explain the operation of a vacuum-cleaner. 


THE STORY OF UNIT XII 


As man discovered simple machines and learned to combine 
them into more complicated machines, he sought ways to save 
his own strength through the use of other forces which nature 
had provided for him. Among these forces, other than his 
strength and the strength of animals, are those of air and 
water. Man has found various ways of using the energy which 
these materials possess and has made many devices which put 
these forces to work. As a result we have today diving bells, 
sailboats, windmills, vacuum-cleaners, air and water pumps, 
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siphons, water wheels, turbines, air-brakes, hydraulic presses, 
hydraulic elevators, and a score of other labor-saving de- 
vices. 
You recall that air occupies space, that it exerts pressure, 
and that it is compressible. These characteristics of air are 
made use of todo work. Air is forced 
Compressed] into diving bells and caissons so that 
AirTank | ~~ mencanwork under water(Figure328). 
The pressure of air is useful in water 
pumps, self-filling fountain pens, 
medicine droppers, vacuum-cleaners, 
the siphon, and other devices (Figure 
329). The compressibility of air and 
the outward force of compressed air 
serve us in inflating automobile tires, 
foot-balls, and basket-balls, and in the 
operation of such machines as water 
pumps, air-brakes, and compressed-air 
engines. ; 
Water, though not compressible, 


Y tan, <r does exert a pressure because of its 
weight. The pressure therefore de- 
pends upon the depth of the water. 
Perhaps you know how great dams 
safety far under water, are built across streams to increase 
Fresh air under pressure is_ the depth and pressure. You may 


Fig. 3 328. eee Bell 
These men can work in 


supplied from the com- 


have observed how waterfalls can be 
pressed-air tank. 


used to drive machinery if the water 
strikes against a water wheel or turbine (Figures 345 and 330). 
It may fall upon a paddle wheel, or may be allowed to strike 
the paddles or vanes of a turbine. In either case the energy 
which the water has at the top of the falls may be utilized to 
do work. 
Another way in which water is of help to us depends upon 
the facts that water is a non-compressible liquid and is free to 
move in all directions. For example, in a hydraulic press 
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pressure may be exerted on a piston in a small cylinder by 
means of a lever. This pressure forces water into a large tank 


Fig. 329. Air-Pressure Devices 


These simple practical devices all operate by air pressure. 
Number 4 is a watering device for chickens. Number 5 is a pres- 
sure gauge for automobile tires. What are the others? 


into which is fitted a cylinder of greater diameter, thus push- 
ing upward on the large cylinder. As you shall see later, the 
force upward on the piston of 
the large cylinder ismany times ERY = = BWA, S Uy 
greater than the force exerted SY SN Ly 
on the small piston. This makes pa all 
it possible to use water as a 
means by which force may be 
transferred from one place to 
another and be multiplied many 
times (Figure 351, page 362). 
Since air and water have 
weight, they can exert a force 
when in motion. Moving air 
may run a windmill, which Petre tee aya 


works for man by pumping Wa- see the pipe which formerly carried 
ter or by running other ma-__ the water to the top of the wheel. 


Fig. 330. A Water Turbine 


346 PUTTING AIR AND WATER TO WORK 


chines (Figure 331). Running water may turn a paddle wheel 
and thus help to grind grain, saw wood, or generate electric- 
ity. As the air strikes the vanes of a windmill, or running 
water strikes the vanes of a water wheel, the force exerted turns 
the wheel, and this force may be 
transmitted to other machinery by 
means of belts or gears. Great im- 
provements have been made in the 
kind of machines used to harness 
the energy of moving air and water, 
but the force used is still the force 
of moving material. And it is in- 
teresting to know that man used 
the simple water wheel for nearly 
2000 years before he discovered the 
modern methods of utilizing water 
power. 
Fig. 331. It is easy to see that the amount 
An Old-Time Windmill of force of moving material depends 
_ This is the oldest windmill yon the weight and speed of the 
in America. It is in Massa- : ; 
chusetts, and was built in material. As you learned in your 
1746. Compare this wind- study of weather, air has but a small 
mill with the one shown in weight. At a low speed it exerts a 
Figure 342. ; 
small force, but when it moves at a 
tremendous speed, as in a tornado, it may exert a force great 
enough to move a large building. Similarly in the case of 
water, you know that a stream which moves slowly can be 
waded very easily, but if the water is moving very rapidly, as 
in a mountain stream, the force is great enough to carry you 
off your feet. If the stream is large and moves rapidly, the 
force is tremendous. If you have been unfortunate enough to 
be in the path of a stream of water coming from a large fire 
hose, you need no words to help you realize the great force of 
such a stream. It is evident that the energy of moving air or 


moving water depends upon the weight and speed of the air or 
the water. 
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This brings you to a new idea or term of science, power, a 
word which you have often heard and have perhaps used in- 
correctly. It is common to speak of power when you really 
mean force. You recall that force times distance equals work; 
and that energy is the ability to do work. What meaning do 
scientists give to the term power? Power is not the same as 
force, work, or energy. Let us suppose that you climb a stair 
which is 50 feet high, your weight being 100 pounds. The 
force that is necessary to lift you is 100 pounds; the work 
that you do is 5000 foot-pounds; the energy used is 5000 foot- 
pounds. 

Now you may take two minutes to climb the stairs, or you 
may require ten minutes. In either case you do the same 
work, but in the first case you do it five times as fast. The 
rate of work in the two cases is different. Jt is this rate of 
doing work which scientists call power. In climbing the stair 
in two minutes you do 5000 foot-pounds of work in two 
minutes, or 2500 foot-pounds per minute. In the second case 
you do 5000 foot-pounds in ten minutes, or 500 foot-pounds 
per minute. Your power in the first case is five times as 
great as in the second. Similarly, water or air may, depending 
upon their speed and weight, do work at different rates. We 
say that the power depends upon the rate or speed with which 
the force is exerted, and we measure the rate of doing work in 
a new unit, called horse-power. Later you will understand by 
what method scientists have come to determine this unit and 
how it is used. 

You see, then, that air and water can save our strength; that 
air can be of use because it occupies space, exerts pressure, and 
is compressible; that the pressure of water may be utilized to 
do work; that the motion of air and water furnishes energy 
for man; that the speed of moving air and water determines 
the amount of energy which is available in a certain time, 
and that the rate of doing work, or the power of air and wa- 
ter, depends upon the force and the speed with which the 
force is exerted. 


348 PUTTING AIR AND WATER TO WORK 


PROBLEM 1: HOW DOES AIR ENABLE MAN TO WORK 
UNDER WATER? 


In using diving bells or caissons for constructing foundations 
under water, or in building underground tunnels, it is necessary 
to have air for the workmen. This means that the water must 
be kept out by mea.is of air. 


Air can be used to exclude water. You recall from Unit 
II that air is material. (See page 54.) 


Experiment 75: How can air displace water from a container? 


(a) Lower a tumbler, mouth downward, into a large vessel of 
water. Note that as the tumbler is forced down, the water rises 
into the tumbler but a small distance. How 
do you explain what you see? (See page 55.) 

(b) Lower a large funnel fitted with a rub- 
ber tube into a jar of water (Figure 332). 
Does water fill the funnel? Why? Blow into 
the rubber tubing slowly and then withdraw 
your mouth. What happens during this proc- 
ess, and how do you explain it? Again blow 
until all air is forced out of the funnel, and 
then pinch the rubber tubing. Does water 
enter the funnel? 


ATTY ! ! 
ill 


Fig. 332. Exercise 1. Write an explanation for each 
DisplacingWaterbyAir art of Experiment 75. 

When the diving bell, caisson, or tunnel is large and far 
under water, the pressure of the water is so great that it requires 
much force /to keep the water out and to supply fresh air for 
the worknfen. In order to force the air into the container 
where m ork, compression pumps must be used. Figure 333 
shows how such a pump works. As the piston moves to the 
right, Valve B opens and Valve D closes. The air is forced 
through Valve B through the discharge pipe which leads to 
the bell, caisson, or tunnel. Then as the piston moves back 
(to the left), Valve B closes, and Valve D opens, allowing more 
air to enter through the\ntake pipe which leads to the outside 
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air. Valve C now closes and Valve A opens. Thus the out- 
side air is pumped into the container. 

To provide against danger resulting from the breakdown of 
the pump, the air is forced into large compressed-air tanks 
which are connected to the caisson or tunnel. These tanks 
have heavy walls, and air may be forced into them until the 
pressure reaches from 1000 to 2000 pounds per square inch. 


DISCHARGE PIPE 


+ 
INTAKE PIPE 


oa 
Bo Peer’ 
= TIGHTENER Z 


Fig. 333. An Air Compression Pump 


The motor drives the flywheel which moves the piston rod and 
the attached piston back and forth. 


Should the pump cease to work for a time, there is no danger 
for the workmen, because the pressure in the tank will supply 
air until the pump is repaired or until the workmen can come 
out. Speaking tubes, electric bells, or telephones connect the 
workmen with the outside world. 

How men get into the diving bell or caisson. You have per- 
haps wondered how the workmen get into the bell, the caisson, 
or the tunnel. In the case of the bell, men enter before it is 
lowered into the water, and while it is being lowered, stay on 
the ledge built around the inside of the bell some distance 
above the bottom. The caisson and the tunnel are not so 
simple as the diving bell. In each of these are several com- 
partments with air-tight doors between them (Figure 334). 
Air is forced into each compartment until all water is driven out. 
The doors between the compartments are then closed. Then 
men enter the first compartment and close the outside door. 
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Air is admitted slowly until the pressure in the first compart- 
ment is equal to that in the other parts of the tunnel or 
caisson. This requires 
some time, because a 
rapid change of the air 
pressure will injure the 
workmen. The door to 
the second compartment 
is now opened, and the 
men go in, closing the 
door behindthem. This 
compartment may be the 
workshop. Fresh air is 
constantly supplied. 

As the men come out, 
they return to the first 
compartment and secure- 
ly close the trap-door ~ 
behind them. The air 
pressure is now very 
slowly reduced by allow- 
ing air to escape. When 
the pressure is the same 
as that outside, they may 
safely come out. You see 
that the caisson is really 
an under-ground or un- 


der-water tunnel in a 
The men are busy removing the vertical position. 

packed dirt at the bottom. The dirt is 

carried up to the boat at the left. 


Even with the many 
precautions such work is 
always dangerous on account of sudden leaks in the container 
or tunnel. The great changes in pressure to which the men 
are subjected are also a heavy strain on their health. 


Exercise 2, Write a short report on ‘How Working under Water 
Is Made Safe by the Use of Air.” 
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PROBLEM 2: HOW DOES ORDINARY AIR PRESSURE 
WORK FOR US? 

In addition to water pumps, which you studied in Unit IV, 
there are two other devices commonly used in the home which 
depend upon ordinary air pressure for their operation. The 
first is the s¢phon, used to transfer liquids from one place to 
another, and the second is the vacwwm-cleaner. 

How the siphon works. Did you ever use a rubber hose to 
get vinegar from a barrel, to take the water from a fish bowl, 
or to get gasoline from a tank? 


Experiment 76: How can you operate a siphon? 


Get a piece of rubber tubing several feet long. (A piece of garden 
hose may be used.) Lower one end of the tubing into a pail of water 
which stands on a table. Suck the air from the tubing until the water 
reaches your mouth. Why does the water fill the tubing? (See 
Experiment 9, page 55.) Pinch the end of the tubing air-tight, 
or place your finger over the end of the tubing without allowing air 
“to enter, and bring this end into an empty pail on the floor. Open 
the end of the tube and observe that the water flows from it. Slowly 
raise the open end until it is almost at the level of the water in the 
pail on the table. How does the speed of flow change? Again lower 
the open end slowly. Does the rate of flow change? How? 


Experiment 77: What causes the water to flow from the siphon? 


Take a two-foot length of rubber tubing or a glass tube bent into a 
U shape, with each arm about one foot long. Fill the tube with 
water, keep your finger over one end, and 
invert the tube into two jars of water, as 
shown at the left in Figure 335. Remove 
your finger and raise one jar of water a few 
inches above the table. What happens? 
Replace the jar on the table. What happens? 
How do the lengths of the water columns 
in the two arms of the tube above the surface 
of the water in the jars compare when the siphon ceases to flow? 
Measure them. Note that when the water flows through the siphon, 
it flows toward the side having the longer arm above the surface of 
the water in the jar. In the syphon at the right (Figure 335), which is 


Fig. 335. Siphon Experiment 
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heavier, the water in the left arm or the water in the right arm? From 
which tube will the water, therefore, flow out first on account of 
the pull of gravity? If it flows out of one arm, what condition 
would result in the top part of the tube? 
How will the air pressure on the water in 
the left jar prevent such a condition? 


Exercise 3. Name as many uses of the 
qi jetphon as you can. 

fe Exercise 4. Why do you suck the air out 
pee SS a f of the siphon to start it? 
ee l Exercise 5. Why does the siphon continue 


Fig. 336. Experiment 78 to flow after being started? 


The vacuum-cleaner makes use of air pressure. One of the 
handiest devices around the home is the vacuum-cleaner. 


Experiment 78: How can air pressure pick up light materials? 


Roll a large sheet of paper into a cylinder about half an inch in 
diameter. Place the cylinder over small pieces of paper, as-in Fig- 
ure 336. Suck the 
air out of the paper 
tube by inhaling rap- 
idly. What happens 
to the small pieces of 
paper? From your 
study of air pressure 
explain why this hap- 
pens. (See page 55.) 


When some air is 
removed from a 
space, the remain- 
ing air becomes 8 Bleniah = Mlle 5 
thinner and_ the Fig. 337. A VacleeCte siete ite eg 
pressure less. Such 
space is called a partial vacuum. The outside air is forced into 
such space by the surrounding air pressure. As the air rushes 
in, it carries along light materials like paper or dust, just as 
running water carries stones or sand. 
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A common form of vacuum-cleaner is shown in Figure 337. 
The important parts of the machines are labelled. Study the 
parts to understand the following explana- 
tion of the machine. As the electric motor 
rotates, it turns the fan. The fan pumps 
air into the dust bag. This produces a 
partial vacuum in the chamber around the 
fan, and the air from the outside rushes in, 
carrying with it the dust which has been 
loosened by the brush. The dust is then 
blown with the air into the dust bag. The 
air escapes through the fine mesh of the 
bag, but the dust is held. 

In large buildings, such as stores, hotels, 
clubs, and office 
buildings, and 
also in many 
modern homes, 
the vacuum- 
cleaner is often 
placed in the 
basement (Figure 338). Metal pipes 
connect the different rooms with the 
machine, and the cleaning tool can be 
attached to these tubes by means of 
a long rubber hose. The construc- 
tion and operation of the machine 


Fig. 338. A Vacuum 
Cleaning-Machine 
See Figure 339 to 

understand how it 
works. 


i. aia 
li 


Pest 


Fig. 339. 
The Vacuum Machine 


As the fan is rotated by 
the motor, the air is thrown 
out through the exhaust. 
This produces a partial vac- 
uum in the intake pipe which 
leads to the cleaning tool. 


are shown in Figures 338 and 339. 
The vacuum produced by the ma- 
chine causes the air to rush in through 
the cleaning tool and pick up dust 
and dirt from the floor. 


Exercise 6. Why is the “vacuum- 
cleaner” not a vacuum cleaner? 


Exercise 7. Why is cleaning with the vacuum-cleaner more sani- 
tary than sweeping with a broom? 


& 
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PROBLEM 3: HOW DOES COMPRESSED AIR WORK 
FOR US? 


Compressed air serves us in many ways. 


When air is com- 


pressed into a container, it exerts an outward pressure. You 


Courtesy Flint and Walling Co. 


Fig. 340. 
A Pneumatic Water System 


The force pump forces water 
into the tank, compressing the air 
aboveit. This air then forces water 
through the pipes to the hot-water 
heater and the bath-room, or directly 
to the kitchen sink. (Pnewmatic 
means “air-operated.”’) 


recall that the ordinary air 
pressure is about 15 pounds 
per square inch. Now, if two 
cubic feet of air are forced into 
a vessel having a space of one 
cubic foot, the air pressure in- 
side is 30 pounds per square 
inch; or if 10 cubic feet of air 
are forced into the vessel, the 
outward pressure of the com- 
pressed air is 150 pounds per 
square inch. You see, then, 
that compressed air may exert 
a great pressure. This pres- — 
sure can be used in a number 
of ways. 

Perhaps the most common 
use of compressed air is for in- 
flating, or ‘blowing up,”’ auto- 
mobile tires. Compression 
pumps, like that shown in Fig- 
ure 333, force air into heavy- 
walled tanks. Tubes with 
valves at the ends lead from 


these tanks. From these tubes we take the air to inflate our tires 


to a pressure of 40, 60, or 80 pounds. 
really lifts the automobile, so great is its force. 


The pressure in the tire 
At the same 


time it improves the riding qualities of the automobile. 


Other common uses of compressed air are found in com- 
pressed-air engines, in drills used in machine shops, mines, and 
stone quarries, in pneumatic riveters, and in forcing water from 
tanks to the rooms of houses (Figure 340). 
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The air-brake uses compressed air. Perhaps the most use- 
ful compressed-air device is the air-brake for trolley cars and 
trains (Figure 341). On trains a compression pump on the 
engine forces air into a large tank or reservoir, keeping the air 
at a pressure of about 75 pounds per square inch. This reser- 
voir is connected by means of pipes and by air-tight couplings 
between cars to a smaller reservoir and the brakes under each 


A 
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Fig. 341. An Air-Brake System 


car. While the pressure in the engine reservoir is at 75 pounds 
per square inch, the control valve is in such position that the 
two reservoirs are connected by the air-pipe. If the engineer 
opens the valve on the air-pipe connecting the engine reservoir 
to the car reservoir, if the couplings between cars become 
separated, or if the air-line is broken or cut, air escapes, and 
the pressure in the air-pipe becomes less. Whenever this 
happens, the pressure in the car reservoir turns the control 
valve in such a way that the compressed air enters the brake 
cylinder and forces the piston to the right with great force. 
The piston rod operates the brake levers, sets the brake shoes 
against the wheels, and stops the train. When the air is again 
turned on from the engine reservoir and the pipes are air-tight, 
the control valve turns so that the car reservoir is connected 
with the air-pipe, and the compressed air in the brake cylinder 
can escape. The heavy spring in the brake cylinder, which 
was compressed, now opens, pulling the piston rod back and 
releasing the brakes. 
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Exercise 8. You often hear ‘a whistling noise under a car when 
a train is about to start. What causes it? 

Exercise 9. Railroad cars come to an abrupt stop if the train 
happens to break apart. Explain. 

Exercise 10. What would be the force against the cylinder of an 
air brake 8 inches in diameter if the 
pressure in the car reservoir is 60 
pounds per square inch? (The area 
of a circle equals #7 times the radius 
times the radius.) 


PROBLEM 4: HOW IS THE FORCE 
OF WIND HARNESSED? 


In country districts you often 
see a type of machine, the wind- 
mill (Figure 342), which utilizes 
the force of moving air to pump 
water and run machinery. The 
air strikes the wooden or steel 
blades, or vanes, of the wheel, 
causing the wheel to rotate just 
as a pinwheel (Figure 343) is 
made to turn by being blown upon 
or by the force of the air which 
rises over a warm radiator or 
Courtesy Flintand WallingGo, stove. To the shaft of the wheel 

Fig. 342. A Modern Windmill are attached two small gear 

The windmill pumps water in wheels. These mesh with two 
to the tank, from which it is larger gear wheels on a second 
supplied to the house. 

shaft. A short arm extends oui- 
ward from each of the large gear wheels and is attached to the 
wheel at a point a few inches from the center. Such an arrange- 
ment is called an eccentric, meaning ‘‘off center.” Connected to 
the two short arms are two heavy eccentric rods, which extend 
upward and are held together by an arm across the top. The 
pump rod is attached to this arm, and, as the wheel turns, the 
piston rod of the pump is moved up and down (Figure 344). 
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The speed of the windmill depends upon the speed of the 
wind and upon the direction from which the wind strikes the 
blades. The pressure of a wind blowing at 30 miles an hour is 
about 5 pounds per square 
foot; at 50 miles an hour the 
pressure increases to about 15 
pounds per square foot. If 
there are 30 vanes on a wind- 
mill, each three feet long and 
one-half foot wide, and all of the 
force of a 30-mile wind could 
be utilized, the force would be Fig. 343. A Pinwheel 
3X2X30X5, or 225 pounds. The inset in the upper left 
Ree raiter of fackouthe wind corner shows how to cut a piece 

y of paper to make the wheel. 

does not strike directly against 

the blades, but at an angle, and some of the force is wasted. 
The fan of the windmill keeps the wheel in such a position 
that the force of the wind may be utilized to the greatest ad- 
vantage when the 
mill is running. 
The wheel is so at- 
tached that it can 
always swing into 
the wind. Thus, 
whether or not the 
windmill is run- 
ning, the fan is al- 
ways pointing in 
the direction to- 
ward which the 
wind is blowing. 
There are also de- 
vices for stopping 
the wheel when 
the power is not 


Fig. 344. Windmill Operation needed. 


Eccentric 
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PROBLEM 5: HOW IS WATER PUT TO WORK? 


The overshot water wheel was formerly much used. For 
hundreds of years the overshot water wheel was used to grind 
grain into flour and to saw wood. Even today in some parts of 
the country this device is found (Figure 345). A dam is 
built across a 
stream and the 
water is led 
through a wood- 
en or metal flume 
to the top of the 
wheel. The 
buckets or pad- 
dles of the wheel 
are turned by 
the weight of the 
Fig. 345. An Overshot Wheel water. As the 


As the shaft of the wheel turns, it operates the buckets or pad- 
grain grinder within the mill. A gate at the dam 
controls the flow of water through the flume. 


dles come to the 
bottom, they 
empty the water into the stream below and are carried upward 
by the weight of the water in the other buckets. Such a ma- 
chine, as you see, is really a wheel and axle. The ‘work in”’ is 
the product of the weight of the water and the distance which 
it moves while in the buckets. Some water is spilled, of 
course, but the source of energy is cheap, and the efficiency of 
the machine may be as high as 80 to 90 per cent. 

The turbine is more efficient than the water wheel. The 
turbine is a newer and more efficient device for harnessing the 
force of water at a dam. One kind of turbine is shown in 
Figure 346. The concrete dam is at the right. The water 
flows through the gate and enters the turbine below. Inside 
the turbine, stationary blades direct the water against the 
blades of the rotating part. The rotating part, or rotor, as it is 
called, turns the shaft to which it is attached. This shaft 
extends upward to the dynamo in the room above the turbine. 
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There is so little waste of power in this type of turbine that 
the efficiency may be considerably above 90 per cent. 


The turbine is more 
the overshot water 


Exercise 11. 
efficient than 
wheel. Why? 

Undershot water wheels are 
also used. Anyone who has 
tried to wade a swift stream or 
who has been doused with wa- 
ter coming from a hose knows 
that the energy of running water 
depends upon the amount of 
water and the speed with which 
it moves. The earliest device 
for using the force of running 
water was probably the wnder- 
shot water wheel (Figure 347). 
This is commonly used in streams 
where there is a large amount of 


Ewing Galloway 


Fig. 347. An Undershot Wheel 


This is all that remains of an old 
mill built over one hundred years ago. 
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Fig. 346. A Modern Turbine 


Where the water is not over 
25 feet deep, this kind of turbine 
is most commonly used. Com- 
pare with Figure 423, page 432. 


water available. Much 
force is wasted in such an 
arrangement, for only the 
water which strikes the pad- 
dles or vanes can do work. 
As a result of this waste, 
most undershot wheels are 
only from 20 to 30 per cent 
efficient. 

One type of undershot 
wheel, however, is very 
efficient. This is the Pelton 
wheel (Figure 348), which is 
used to a great extent in 
mountainous regions where 


the water can be brought from a place far above the wheel. 
The water is led down through a pipe ending in a nozzle, 
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much like the nozzle on a garden hose, and strikes the cups 
at the end of the vanes. The water comes out of the nozzle 
at a high speed and drives the wheel very rapidly. Little 
force is wasted by this arrangement, and the efficiency of the 
wheel may be as high 
as 85 per cent. Like all 
water wheels the Pel- 
ton is a wheel-and- 
axle machine. ‘The 
force is applied at the 
cups, and the shaft of 
the wheel is turned, 
transmitting the en- 
ergy for running ma- 
chinery. 

By means of water 
wheels and turbines 
enormous water pow- 
er is utilized to gener- 
ate electricity, both in 
our own country and 
in foreign countries. 
This electricity saves 
our fuel, gives us 

Fig. 348. A Pelton Wheel powerful electric en- 

gines for mountainous 

regions (Figure 479, page 481), helps to keep our cities clean 

by eliminating smoky furnaces, lights our cities, and runs most 

of our street and interurban cars. Figure 349 will give you some 

idea of the large amount of water power which may be devel- 

oped in our country, and Figure 350 shows you what part of 
the available power has been put to work. 
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Exercise 12. In what ways is water power important to man? 
Exercise 13. Why is each of the water wheels described in this prob- 


lem a machine of the wheel-and-axle type, and how is the force of the 
water applied to each? 
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Courtesy Federal Power Commission 
Fig. 349. Available Water Power in the United States 
Each dot shows that 50,000 horse-power can be developed. The total 


eee 
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886,000 
* » ’ 


i Courtesy Federal Power Commission 
Fig. 350. Water Power Developed in the United States 

The circles and the numbers below them show the available water 

power in nine regions of our country. The black area of each circle indi- 
cates the proportion of the water power that has been developed. 
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Z 
*SROBLEM 6: HOW IS WATER USED TO TRANSFER FORCE? 


The hydraulic press is a simple machine. The hydraulic 
press is a machine for exerting an enormous force by means of a 
much smaller force. It is used to bale cotton and paper, to 
roll hot iron into various 
forms like railroad rails 
or sheet iron, to punch 
holes in metals, to press 
oil out of seeds, to test 
the strength of concrete 
or metals, and to do 
hundreds of other neces- 
sary tasks. Figure 351 
shows a hand-operated 
hydraulic press. Com- 
pare this with the section- 
drawing shown in Figure 
352. It consists of two 
heavy-walled cylinders of 

: different diameters, con- 

As the lever is moved downward, : 

the small cylinder is forced into the nected with each other 


tank below. Waterisforcedasshown by means of a heavy 


by an arrow into the tank under the — neta] tubing. Each cyl- 
large eylinder, pushing this cylinder. dae ieatted win e 
upward and compressing the bale. inder 1s fitted with a pis- 


ton. The piston of the 
small cylinder is operated by a lever. The cylinders and con- 
necting tube are filled with water, the smaller cylinder being 
connected with a water-supply source. When the piston in 
the small cylinder is pushed downward, water is forced into 
the large cylinder, causing the large piston to move upward, 
and exert a great force. 

The force is multiplied by such a machine. Suppose that a 
force of 100 pounds is applied to the small piston by pushing 
down on the lever, and suppose also that the small piston has 
an area of one square inch, while the area of the large piston 


| Pressure 


gauge! c 


Small 
Cylinder gj 
or > 


Fig. 351. A Hydraulic Press 
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is 10 square inches. If 100 pounds of force are applied to 
the small piston, there will be 100 pounds of pressure against 
the water below the piston. Since the pressure in water is the 
same in all directions at any depth, there will be a pressure 
of 100 pounds on every square inch of surface inside the con- 
tainer. Water, being free to move 
and being non-compressible, will 
transmit this pressure to every 
square inch of water in the large 
cylinder and, therefore, against 
‘the large piston. If the large 
piston has an area of 10 square 
inches, as you supposed at the 
start, there will be 100 times 10, see , 
or 1000 pounds of force against Fig. 352. Sectional View of a 
the large piston. You see that Hydraulic Press 

the force exerted has been multi- 

plied ten times by such arrangement. The pistons can be made 
of different diameters; so the force may be multiplied as many 
times as the cross-section of the large piston is greater than the 
cross-section of the small piston. It will be seen that the 
small piston must move ten times as far as the large piston. 
While the force is multiplied ten times, the distance through 
which the force is exerted by the large piston is only ;’5 as great 
as the distance through which the applied force moves. 


Exercise 14. A hydraulic press does not save work. Explain, 
keeping in mind the scientific meaning of the word work. 

Exercise 15. Compare the hydraulic press which you just studied 
with a ten-strand pulley system, considering the mechanical advan- 
tage of force of each and the distances through which the force in 
and force out move. (See page 332.) 

Exercise 16. If the lever arm in Figure 352 is six feet long, the 
distance from the fulerum to the piston one foot, the area of the 
small piston four square inches, and the area of the large piston 100 
square inches, what force can be exerted with the device by applying 
a force of 50 pounds at the handle of the lever? 
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PROBLEM 7: WHAT IS THE MEANING OF THE 
TERM ‘“HORSE-POWER’”’? 


Probably everyone has heard that an automobile engine 
has a certain horse-power or that the water at a waterfall can 
develop so many horse-power. What is the meaning of the 
term horse-power and how is it measured? 

‘‘Horse-power” is the unit for measuring power. You recall 
that the terms force, work, energy, and power have different 
meanings. Force 
moving through a 
distance does work; 
anything which has 
the ability to do 
work possesses en- 
ergy; the rate at 
which work is done 

Fig. 353. Horse-Power is known as power. 
If the horse pulls the load with a force of 150 To measure force, 


pounds, and walks 220 feet in a minute, how 
much work does he do in one minute? 


work, and energy 
you used certain 
units. Similarly, to measure power you must have a unit. The 
unit most commonly used is the horse-power. 

The term horse-power originally referred to the rate at which 
a horse works (Figure 353). A horse walking at the rate of 
two and one-half miles an hour for eight to ten hours a day 
should not be required to pull more than one-tenth or one- 
eighth of its own weight. If a horse weighs 1200 pounds and 
pulls one-eighth of its weight, it must pull 150 pounds. In 
one hour the horse would do 150528023, or 1,980,000 foot- 
pounds. Divide this by 60 and you have 33,000 foot-pounds 
per minute. Scientists have agreed to take this rate of work 
as the unit of power and call it the horse-power. 

When we say an engine has a horse-power of twenty-five, we 
mean that it can do 25 X33,000 foot-pounds of work per minute. 
Similarly, when it is said that 500,000 horse-power may be de- 
veloped by the water at the Keokuk dam on the Mississippi 
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River, we mean that the water can do 500,000 times 33,000 
foot-pounds of work per minute. Stated in other terms, this 
means that the power which may be developed at Keokuk 
could lift a weight of 100 tons over 15 miles high in one minute. 
You see what a tremendous power the water at a single dam 
may have. 


Exercise 17. If the work done at the present time by the turbines 
at Keokuk is about 10,000,000,000 foot-pounds per minute, how many 
horse-power are developed? 

Exercise 18. Knowing your weight and the height of a stairway, 
walk up the stairway at your ordinary rate, noting how many seconds 
are required to reach the top. Calculate how many foot-pounds of 
work you did each minute. Take the average of two trials. What 
fraction of a horse-power expresses the rate at which you worked? 
Compare your results with those of someone who is heavier or lighter 
than you. 

Review Exercise on Unit XII. (a) Turn back to the Preliminary 
Exercises and mark those which you answered incorrectly or failed 
to answer. Answer them at the end of your original answers. 

(b) Turn to the Table of Contents of Unit XII and see if you can 
give satisfactory answers to each of the problems in this unit. If you 
cannot do so, study the text until you can. 


ADDITIONAL EXERCISES AND PROJECTS ON UNIT XII 


1. Make a drawing of a double-acting air-compression pump. 
Compare it with a double-acting force pump for water. 

2. Explain why gasoline can be re- 
moved from a tank more rapidly with 
the long hose than with the short hose, 
as shown in Figure 354. 

3. How could you empty the water 
from a gold-fish bowl and refill the bowl 
without moving it? 

4. Can you show by a drawing how 
you could make a siphon of glass tubing 
for removing an acid from a large container 
so that you could start the siphon without 
the danger of getting acid in your mouth? Fig. 354. Using the Siphon 
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5. Dams are built thicker at the bottom than at the top. Why? 

6. What is the pressure per square foot against a dam at a depth 
of 60 feet? Remember that water pressure, like air pressure, is 
the same in all directions at any depth (one cubic foot of water 
weighs 62.4 pounds). Explain your answer. 

7. Take apart a bicycle or automobile pump and see how it 
works. Make a section drawing of the pump and explain from the 
drawing how it works. 

8. Set up an apparatus (Figure 355) with the upper bottle about 
one-fourth full of water. Open the pinch-clamp so water may run 
out of tube A. Explain what you see. 

9, Examine your vacuum-cleaner at 
home and see if it operates as the one 
described. If it does not, how does it 
work? 

10. Make a siphon of glass tubing 
like that in Figure 356. Lower it into 
a tall jar of water as shown, and observe 

Fig.355. An that the siphon starts automatically. 
Bima Can you explain why it works? 

11. Consult Figure 349 and make a 
list of the states in our country in the order of their 
available water power. 

12. Would it be possible to siphon water from —— 

a stream into a reservoir below the surface of the Fis: 356 4 Siphon 
stream if the pipe line had to rupover a bank sixty feet high? 
\ 


UNDE XII 
USING STEAM AND EXPLODING GAS FOR POWER 


PRELIMINARY EXERCISES 


1. How did steam power help to supply the food which you ate 
for breakfast this morning? 

2. How does steam power help to provide the clothing you wear? 

3. Make a list of the ways in which steam works for us. 

4. How can the engineer of a train stop the train quickly? 

5. A locomotive has an efficiency of only 6% to 10%; that is, 
only 6% to 10% of the energy of the coal is used to pull the train. 
What becomes of the “Jost” energy? 

6. What sources of power, other than steam, are used for trans- 
portation on land or water? 

7. Make a list of the uses of the gas engine. 

8. What are the important parts of a gas engine? 

9. What instruments does one find on the dashboard of an auto- 
mobile? What is the purpose of each? 

10. What are the principal differences between a gas engine and 
a steam engine? 

11. For what purposes are horses better than a gasoline tractor? 
Than a truck? 

12. The gasoline truck and automobile have replaced the horse 
for many uses. Why has this happened? 


THE STORY OF UNIT XIII 


In man’s search for sources of energy to run his machines and 
to improve his methods of transportation, he has come to use 
the forces of air, water, steam, exploding gas, and electricity. 
You have learned how air and water are used. In a later 
unit you will see how electricity is generated and utilized. In 
the present unit you will consider two important forces, steam 
and exploding gas. 
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There is probably no force which does as much of our work 
as steam. Stationary steam engines run many machines in 


ae 


From Growth of the Steam Engine, by 


R.H. Thurston. D. Appleton & Co., 
z publishers 


Fig. 357. Hero’s Engine 


The water is heated in the 
large bowl. The steam rises 
through the pipes and enters 
the sphere at the sides. As 
the steam escapes, the sphere 
is forced to rotate. 


factories, generate electricity, help 
to build roads, dig canals, and in a 
variety of other ways save our 
strength and our time. Similarly, 
steam engines on_ locomotives, 
steamships, and automobiles fur- 
nish the force for rapid travel and 
transportation. How important 
steam is can be appreciated best 
when you think how different life 
would be without the steam engine 
and its numerous uses. Think, for 
example, of the difference between 
the methods of travel in the early 
days of our country and those of 
the present. To go from New 
York to Philadelphia required a 
hard two days’ 
trip by stage- 
coach. ‘Now 
a man may 
eat breakfast 


in Philadelphia and within a few hours 
be in New York City ready for his work. 
Or, he can travel half-way across the 
United States in the same time which 
was required to go from Philadelphia to 
New York by stagecoach. 

The development of the use of steam 
has been very rapid. Though a Greek, 
named Hero, constructed a toy engine as 


Fig. 358. 
Generating Steam 


early as 150 B.c. (Figure 357), no practical use of steam was 
made before 1633 A.p., when an engine was used to pump water 
from coal mines in England. In 1784 James Watt, an English 
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scientist, constructed an engine much like those which we use 
today. Following that date many stationary engines were 
used, but Fulton was the first to make use of steam to propel a 
water vehicle, when, in 1807, he made his famous trip from 
New York to Albany in the Clermont. (See Figure 481, page 
483.) A little later, in 1829, Stephenson completed the Rocket, 
the first really successful locomotive for land transportation. 
Eccentric 
Steam pe 4 2 Ik Fly Wheel 


Cylinder 


Fig. 359. A Steam Engine 
This is a common type of stationary steam engine. 


All forms of steam engines depend upon the energy of steam 
molecules. As water is heated, its molecules move more rapidly 
until some of the water changes to steam. (See page 269.) 
These steam molecules possess energy and can do work. Thus, 
if you generate steam in a test tube fitted with a stopper 
(Figure 358), the stopper is blown from the tube by the force 
of the millions of molecules of steam which strike it. In a 
similar way steam may be generated by the fire under a steam 
boiler. The steam may then be led by pipes into the cylinder 
of a steam engine (Figure 359). Here it exerts a tremendous 
pressure against the piston and moves the piston. By allow- 
ing the steam to enter the cylinder first on one side of the 
piston and then on the other, the piston is moved back and 
forth. A rod connected with the piston turns a flywheel. 
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The importance of the gas engine as a means of power is 
almost as great as that of the steam engine. The first practical 
gas engine was not invented until 1876. Since that time its 
development has been one of the most marvelous achievements 
of modern times. Machines of all kinds are operated by it. 
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Courtesy Foos Gas Engine Co. 
Fig. 360. A Stationary Gas Engine 
This type of gas engine is used to run machinery of all sorts. 


Thus, on the farm it is used to saw wood, churn butter, thresh 
and grind grain, pump water, and run dynamos which furnish 
electric light. Often the engine is portable and can be moved 
from place to place to serve a great number of uses. In fac- 
tories it is of similar importance. Perhaps its most commonly 
seen use is in the automobile, motorboat, and airplane, where 
it furnishes the power to drive these vehicles. Many ocean- 
going ships are coming to use the gasoline engine. 

The gas engine depends for its power upon exploding gas. 
A proper mixture of combustible gas and air is very explosive. 
Thus, if you mix some illuminating gas and air in the proper 
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proportion in a wide-mouthed bottle and bring a flame to the 
mouth of the bottle, an explosion results. During such an 
explosion the gases formed by combination of the oxygen and 
the elements of the gas are greatly heated and expand rapidly. 
If the gas and oxygen are compressed in a closed space, a great 
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Fig. 361. Sectional View of a Gas Engine 


force outward is produced by the explosion. Such force may 
be utilized within a cylinder of a gas engine (Figure 360) to 
move the piston. The piston may be connected by a rod to 
a crank shaft (Figure 361) and thus made to turn the wheel. 

You see that there is some similarity between the steam 
engine and the gas engine. In the steam engine the driving 
force is produced by the energy of the moving steam molecules 
which get their energy from the heat of the fire under the 
boiler. In the gas engine the driving force comes from the 
expansion of the gases which are produced by combination of 
the mixture of gas and oxygen. The ordinary automobile 
engine uses gasoline, which is changed to a gas and mixed with 


372 USING STEAM AND EXPLODING GAS. 


air in the carburetor before the mixture is compressed and 
exploded in the cylinder. In both engines the piston moves 
backward and forward or upward and downward and is con- 
nected by a piston rod to the machine which it operates. 

Each kind of engine has certain advantages over the other. 
The steam engine is not so complicated and can be kept in 
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Courtesy Kewanee Boiler Co. 


Fig. 362. A Fire-Tube Boiler 


Since there are many tubes being heated by the hot gases from the 
fire, the water can be changed to steam very rapidly. 


running condition much more easily than the gas engine. It 
does not require careful adjustment of parts like the carburetor, 
electric system, and gears of the gas engine. This makes it 
more reliable in operation. On the other hand, the gas engine 
is ight; it weighs only one-half or one-third as much as a steam 
engine of the same power. Thus, for use in automobiles and 
airplanes, where a light, compact, and efficient power plant 
is required, the gas engine is superior to the steam engine. 
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PROBLEM 1: HOW IS STEAM GENERATED FOR POWER? 

The steam which is necessary to run a steam engine is gen- 
erated in boilers by heating water. A common type of boiler 
is the fire-tube boiler (Figure 362). It consists of iron tubes 
fastened inside a large cylinder made of steel plates from one- 
half to seven-eighths of an inch in thickness. The tubes ex- 
tend the full length 
and open at each end 
through the heavy steel 
ends of the boiler (Fig- 
ure 362). They may 
vary from two to 
four inches in diameter 
in boilers of different 
size. The boiler is so 
placed and constructed 
that the hot gases from 
the fire pass through 
the iron tubes on their 
way to the smokestack 
and heat the water 
which is in the spaces 
around the fire tubes. 


Since the boiler is only Coney, Page Water Tube Boiler Co. 
partly filled with water, Fig. 363. A Water-Tube Boiler 
the steam which is The baffle plates prevent the hot gases 


: from passing directly to the chimney. 
formed can collect in eee y 


the space above the water level. Pipes leading from the top 
of the boiler carry the steam to the engine. 

Another form of boiler, which is used to generate steam in 
large quantities for stationary engines, is the water-tube boiler 
(Figure 363). In this boiler the water is in the tubes, and the 
hot gases from the fire pass over these tubes, heating the water 
inside. The steam collects in the upper part of the steam 
dome above. This very efficient type of boiler is used in 
many large steam-producing plants. 
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Exercise 1. Why are water-tube and fire-tube boilers used in- 
stead of cylindrical boilers which are heated by a fire underneath 
the cylinder? 


Boilers are fitted with safety valves. Since steam may 
exert a tremendous pressure in the boiler when the fire is too 
hot, there must be some way to 
avoid the bursting of the boiler. 
To prevent this, boilers are fitted 
with safety valves. Figure 364 shows 
one kind of safety valve. This is 
called the weight and lever safety 


Blow-off 


=i SESS ——— 
Yeon neces valve. The device is fitted to the 
top of the boiler. The cone-shaped 
valve fits against the valve seat 
vice. Is it a first-class, sec- nd is held down by the weight 
ond-class, or third-classlever? on the lever. By adjusting the 


Fig. 364. A Safety Valve 
Find the lever in this de- 


Give your reason. (See page 


397.) position of the weight, any desired 


force can be exerted downward 
on the valve. When the pressure of the steam in the boiler 
becomes greater than the downward pressure of the valve, 
the valve is forced open, and the steam escapes through the 
blow-off pipe until the proper pressure is reached in the boiler. 
Exercise 2. If the weight in Figure 364 weighs 20 pounds and is 
placed at a distance of 12 inches from the fulcrum, while the distance 
from the fulerum to the valve stem is 4 inches, what force must the 
steam exert to open the valve? 


Locomotives require an enormous steam pressure. The 
great steam pressure required to run large locomotives is pos- 
sible because when the water is heated in an enclosed boiler, the 
boiling point of the water is changed, as shown in Experiment 79. 


Experiment 79: (7'o be done by the instructor) How does the boiling 
point of water depend upon the pressure? 


(a) Pour some water in a flask or in a tin can with a narrow neck. 
Fit a one-holed stopper with a thermometer and arrange the ap- 
paratus as in Figure 365. Heat the water until it boils, holding the 
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thermometer so the stopper does not close the mouth of the vessel. 
The temperature will be about 100° C. or 212° F., depending upon 
the altitude of your school above sea-level. Now push the stopper 
slowly and gently (not securely) into the mouth of the flask, allowing 
a little steam to escape. What effect does this 
have upon the temperature? (Caution: Stand 
back an arm’s length.) 

(6) If mercury and glass tubing are available, 
arrange an apparatus as shown in Figure 366. 
Bring the water to boiling and note the tem- 
perature. Then insert the stopper tightly and 
heat the flask with a very small flame. The 
thermometer will give you the temperature, and 
the difference in level of the mercury in the two 
arms of the tube will give the pressure above the 
atmospheric pressure. You can take several 
different readings of the thermometer, and at 

the same time take a A 
Bie cem ever corresponding reading Pres fe? rh 
of the mercury levels ~~ ing Point 
by placing a ruler back / J 
of the arms of the ae, (A difference 
in the mercury level/of one inch is equal to 
a pressure of .49 pound.) From these read- 
ings you can see how the boiling point varies 
with the/ pressure. Jd) 


Thermometer ff 


Mercury 


Water changes to steam at approxi- 
mately 100°C. or 212°F., when heated in 
an open vessel. It cannot be heated 
above this temperature, for as more heat 
is added, more water changes to steam. 
This change of a liquid to a gas takes 


Fig. 366 up the additional heat, and the temper- 
Pressure and Boil- = ature of the water remains at about 
ing Point 


100°C. or 212°F. In the boiler the steam 
cannot escape; it therefore exerts a pressure against the surface 
of the water. The water cannot change to steam so rapidly 
because of this pressure, and the added heat from the fire box 
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increases the temperature of both the water and the steam. The 
speed at which the molecules of steam move depends upon their 
temperature; the higher the temperature, the greater the speed. 

In locomotives the temperature of the steam is often as high 
as 400°F. The need for this great pressure is clear when we 
consider that some of the giant locomotives are able to draw 
a loaded train a mile and a quarter long, weighing 17,000 tons. 


Exercise 3. Summarize the important ideas in Problem 1. 


PROBLEM 2: HOW DOES STEAM RUN AN ENGINE? 


The steam engine is a complex machine. Figure 367 shows © 
the parts which are essential to the engine. The steam comes 
from the boiler through a pipe and enters the steam chest, which 
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Fig. 367. Sectional View of a Steam Engine 


This is what the engine in Figure 359 would look like if cut away and 
seen directly from above. 


is an iron box located at the side of or directly above the 
cylinder. In the bottom or side of the steam chest are three 
openings. Two of these lead to the cylinder, and are called 
the ports. On the bottom of the steam chest rests a heavy 
metal block which is hollowed out on the lower side and which 
slides back and forth when pulled or pushed by the slide-valve 
rod. ‘This metal block is called the slide valve, and is large 
enough always to cover one port and the exhaust through which 
the used steam leaves the engine. Inside the cylinder is a 
circular disk called the piston, to which is attached the piston rod. 
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The piston rod is attached to the flywheel shaft by the 
eccentric. Any motion of the piston rod will turn the flywheel. 
As the flywheel rotates, the slide-valve rod is moved backward 
and forward, opening and closing the ports at the proper time. 

How the engine works. Modern steam engines are double- 
acting. Steam enters the steam chest from the boiler (Figure 
367). From here it passes through port (A) and enters the 
cylinder, where it expands, forcing the piston toward the other 
end. Any steam in the other end of the cylinder is forced out 
of port (3) into the hollow of the slide valve and escapes through 
the exhaust, which opens into the outside air. As the piston 
moves, the piston rod, kept in a horizontal position by the 
sliding-guide, turns the wheel by means of the piston-rod 
eccentric. When the flywheel rotates, the slide-valve eccentric 
moves the slide valve toward the opposite end of the steam 
chest. By the time the piston has reached the left end of the 
cylinder, the slide valve has moved far enough in the opposite 
direction to uncover port (8) and connect port (A) with the 
exhaust. Steam now enters the cylinder from the steam chest 
through port (B) and forces the piston in the opposite direction, 
causing the wheel to continue its rotation. At the same time 
the steam in the right end of the cylinder is forced out into the 
air through the exhaust. As the piston reaches the right end, 
the slide valve has moved to the opposite end of the steam 
chest, and steam enters port (A), driving the piston in the op- 
posite direction. And so the back and forth motion of the 
piston is changed to the circular motion of the wheel, which 
continues to rotate so long as steam passes from boiler to 
steam chest. This flow of steam is controlled by a valve 
operated by a lever called the throttle. (See Figure 368.) 


Experiment 80: How does a toy steam engine work? 


Bring a toy steam engine to the classroom if there is none available 
in the room. Examine it carefully. Start the fire and study the 
operation of the engine. Make a section drawing showing the fire, 
the boiler, and the engine. 
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Flywheels are necessary on engines. The flywheel to 
which the piston is attached is a necessary part of the steam 
engine. It is very heavy, and it takes an enormous force to 
set it in motion. As its speed increases, it becomes more 
and more difficult to stop. This tendency of any object to 
remain in motion or to remain stationary is called znertia. 
The flywheel is a necessary part of the steam engine because 
it insures a constant speed. When the piston is at either end 
of the cylinder, there is no steam pressure on it. (Examine 
Figure 367 to see why this is true.) These are called the 
dead points. The inertia of the heavy flywheel moves the 
piston past these points, and so the steam can again exert 
pressure upon the piston. If it were not for the flywheel, the 
engine would slow up at the end of each stroke, and if the 
load were very heavy, it might stop. A belt may be run by 
the flywheel, as shown in Figure 333, page 349, or a small belt 
wheel may be rigidly attached to the axle of the flywheel. In 
some cases gears are used to transfer the energy of the wheel 
to machinery. 


Exercise 4. Make a drawing of the steam engine like that shown 
in Figure 367, but with the piston at the other end ‘of the cylinder. 
Show the position of the slide valve and the direction of the steam 
through the engine. 


PROBLEM 3: HOW DOES A STEAM ENGINE RUN A 
LOCOMOTIVE? 


The ordinary locomotive has two engines, one on either side 
in front of the drive wheels and just outside the small wheels. 
Figure 368 shows one side of a locomotive. The piston rod is 
connected with an eccentric on the middle drive wheel. A long 
heavy bar, called the Johnson bar, is attached to this eccentric 
and to the eccentrics of the other drive wheels. As steam 
drives the piston back and forth, the drive wheels rotate. 
The friction between the wheels and the track is so great 
that the wheels cannot slip, and the locomotive is forced to 
move. The pistons, slide valves, and eccentrics in the two 
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engines on either side of the locomotive are so Atalipedatae 
when one engine is passing the “dead point,’”’ the engine on 
the other side is exerting its greatest force in rotating the 
wheels. The locomotive, therefore, cannot so stop that both 
engines are at their “dead points,” and it is always ready to 
move when the engineer opens the throttle valve and allows 
steam to pass to the steam chests. 

In order to keep up high steam pressure, a strong draft is 
required through the fire box. The smokestack is too short 
to be of value in this respect. (See page 231.) This in- 
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Fig. 368. Sectional View of a Steam Locomotive 


The principal parts of the engine of the locomotive are shown by the 
heavy black lines. 


creased, or forced, draft is produced by leading the exhaust 
pipe from the engine into the smokestack. The rush of 
steam through the stack carries the burned gases out very 
rapidly, and fresh air enters the fire box through the draft 
openings. 

Exercise 5. You have probably read about engineers “reversing” 
their engine to prevent running into another train. What does the 
engineer do, and why does this slow down the train? 


PROBLEM 4: HOW IS THE FORCE OF EXPLODING GAS 
USED TO RUN AN ENGINE? 


All gas engines require an explosive mixture composed of 
a gas which will burn, and air. In some engines a gas like 
that employed for lighting purposes may be used. Perhaps 
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the most common fuel is gasoline. Since gasoline must be 
changed to a vapor or gas before it is mixed with air to form 
an explosive mixture, you may properly speak of gasoline 
engines as gas engines. 

Gas engines consist of many parts. The part of the gas 
engine in which the explosion takes place is nothing more than 
a cylindrical hole, 
called the cylinder, 
bored into a block 
ofiron. Figure 369 
shows the top of 
the cylinder, which 
is closed by a cap, 
or cylinder head. 
Three holes open 
into the upper part 
of each cylinder. 
One is the opening 
for the spark plug. 
The other two 
openings are called 


Fig. 369 the intake and the 

Cylinder Block of a Four-Cylinder Engine : 
Th : exhaust. The mix- 
e spark plug openings are shown in the : 
cylinder head, which is tilted back. The gasket ture of gas and air 
in the foreground is placed on top of the cylinder enters through the 
block, and then the cylinder head is screwed 

down tight. 
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intake, and ex- 
ploded gas is forced 
out of the exhaust. These two openings are controlled by 
valves which open and close automatically at the proper time. 

On the inside of the cylinder is the piston (Figure 361). 
The piston is connected by a rod to the crank shaft (Figures 
361, 371, and 384). At one end of the crank shaft is a large 
heavy flywheel from which the power is transmitted by a belt, 
clutch, or series of gears. The other end of the crank shaft is 
usually fitted with a crank for starting the engine. These 
parts make up the engine itself. 
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An explosive mixture does the work. To operate the 
engine the mixture of gasoline vapor and air must be admit- 
ted into the cylinder. To 
do this, gasoline must first 
be brought by pipes from 
the tank to the carburetor 
(Figure 370). The flow of 
the gasoline into the float 
chamber is regulated by a 
valve attached to the bottom 
part of the float. From 
the float chamber the gaso- 
line is sprayed into the mix- 
ing chamber, where it is 


mixed with the proper amount Fig. 370. Sectional View 
of air. of a Carburetor 


Experiment 81: Why must the correct mixture of air and gas be 
used in a gasoline engine? 

(a) Obtain a small tin baking-powder can and punch a small hole 
through the lid. Also punch a small hole in the side of the can 
near the bottom. Fill the can with illuminating gas by means of a 
rubber tube leading to the small hole in the side. Stand back at a 
safe distance and bring a flame near the hole in the lid. What hap- 
pens? Stand back and observe the flame at the top of the can. As 
the gas burns at the top, air enters at the bottom. What happens 
when the correct mixture of gas and air is obtained? 

(6) If illuminating gas is not available, the experiment may be 
performed as follows: Warm the can in a flame, remove the lid, 
and pour in 15 or 20 drops of gasoline. Place the lid on the can and 
shake the can up and down until the gasoline vaporizes. Then bring 
a flame to the hole in the side. What happens? Repeat the experi- 
ment, using a different amount of gasoline until you find the correct 
mixture to make an explosion. 

Exercise 6. |A gas engine is difficult to start in cold weather. Why? 

Exercise 7. ‘The “choker” on the dashboard of an automobile 
closes or operis the valve in the air-inlet pipe which leads from the 
outside air to the carburetor. What is the value of the ‘“choker’’? 
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Exercise 8. The carburetor must be adjusted at different seasons 
of the year. Why? 

The ordinary engine has four cycles. Now let us see how 
the engine uses the explosive mixture and produces force to 
do work. First, the mixture must pass from the carburetor 
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Fig. 371. The Four Cycles of a Gas Engine 


The crank shaft rotates in the oval crank case, whch is partly filled 
with oil, keeping the engine properly lubricated. 


to the cylinder. This is accomplished automatically. As the 
piston moves downward (Figure 371A), a partial vacuum is 
produced in the cylinder. Why? As the intake valve opens, 
the pressure of the outside air will force air and gasoline 
vapor from the carburetor into the cylinder. This is called 
the entake stroke. 

The cylinder is now filled with an explosive mixture. If the 
piston is then forced upward, and both intake and exhaust 
valves are closed, the mixture will be compressed (Figure 
371B). The compressed mixture will produce a greater force 
when it is exploded than a mixture which is not compressed. 
Why? This stroke is called the compression stroke. 
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The piston is now at the top of the cylinder. The electric 
spark then passes across the gap between the points of the 
spark plug, igniting the mixture, and an explosion takes place. 
Both of the valves are closed, so that the full force of the 
explosion drives the piston downward. This is the explosion, 
or power stroke (Figure 371C). 

The cylinder is now full of exploded gas. On the upward 
stroke of the piston, the exhaust valve is opened, and the 
burned gases are driven out through the exhaust (Figure 371D). 
This is called the exhaust stroke. 

As soon as the piston starts downward again, the intake 
valve opens, and a fresh supply of gas and air enters the cyl- 
inder. This type is called a fowr-cycle engine. As soon as the 
four strokes are completed, the engine begins on the next cycle. 

Table XIII shows the different strokes and the position of 
the valves at each stroke. 


TaBLE XIII. Tur Four Stroxts or A Gas ENGINE 


DIRECTION OF POSITION OF POSITION OF 
STROKE ROTI ON PISTON EXHAUST VALVE | INTAKE VALVE 
ist stroke | intake downward closed open 
2nd stroke | compression upward closed closed 
3rd stroke | explosion downward closed closed 
4th stroke | exhaust upward open closed 


Since the gas engine delivers power only during the explo- 
sion stroke, some device is necessary to keep the engine going 
during the other three strokes. This is accomplished by the 
flywheel, which is attached to the crank shaft. The flywheel 
is very heavy, and it takes a great deal of force to put it in 
motion. (See page 378). As its speed increases, it becomes 
more and more difficult to stop. The inertia of the flywheel 
thus keeps the engine in motion during the intervals between 
the power strokes. 

The more cylinders there are, the smoother the engine runs. 
Automobiles have four, six, eight, or twelve cylinders, and 
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the explosions are so timed that there is very little interval 
between the power strokes. In a one-cylinder engine there 
is one power stroke to every two revolutions of the flywheel. 
In a four-cylinder engine at any given moment each piston is 

at a differ- 
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third revolution of the flywheel, and in an eight-cylinder engine 
a power stroke for every one-quarter revolution of the flywheel. 
When the engine is going very fast, the explosions take place 
so quickly that a nearly continuous power is developed. 


Experiment 82: What is the location of each part of the 
gas engine on an automobile? 


Obtain a set of instructions prepared by the company that makes 
the automobile which you can examine. Read the directions about 
the location of the gas tank, the carburetor, the cooling system, and 
the engine itself. Then examine the automobile to locate these 
different parts: gas tank, pipe to carburetor, carburetor, intake pipe, 
cylinders, spark plugs, and valves. 
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An automobile has many systems. In addition to the power 
system there are several other parts necessary in the operation 
of a gas engine. An electrical system is needed to generate 
electricity and furnish it to the engine at the proper time. 
All of the moving parts must be well oiled to keep them from 
wearing out; some kind of lubrication system is needed to 
accomplish this. The tremendous heat produced in the ex- 
plosion must be carried away to prevent the engine from be- 
coming red-hot. An air or water cooling-system (Figure 372) 
takes care of this. In using the engine in automobiles, a 
transmission system is required so that the power of the engine 
may be transferred to the wheels. In order to keep an auto- 
mobile or gas engine in good running condition it is essential 
that the operation of each of these systems be kept at the 
highest efficiency. This means that each system and its rela- 
tion to the operation of the car or engine must be thoroughly 
understood. 


Exercise 9. Make a summary of the steps which are necessary 
to have the gasoline in the tank run a gas engine. Thus: 
1. The gasoline must pass to the carburetor, etc. 


PROBLEM 5: HOW DOES THE ENGINE RUN AN 
AUTOMOBILE? 


You know that when the engine of an automobile is started, 
the car is not set in motion. This means that the engine is 
not yet connected with the rear wheels. If you examine 
Figure 373, you will see how the engine is connected with 
and disconnected from the rear wheels. You recall that 
the gas engine includes a crank shaft and a flywheel, which 
are made to rotate by the force of exploding gas exerted on 
the pistons. In order to impart this motion to an auto- 
mobile a further set of devices is needed. In order of posi- 
tion from the flywheel of the engine to the rear axle of the 
car these devices are as follows: the clutch, the transmission 
gears, the propeller shaft, and the differential gears. We shall 
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now see how each of these functions in making the power of 
the engine move the car. 

The flywheel, as you remember, is attached to the crank 
shaft of the engine. Connected with the flywheel is the clutch. 
This clutch can be moved backward by the clutch pedal, so that 
it will not come in contact with the flywheel. Thus, when 
you press your foot on the pedal, you disconnect the clutch 
from the engine, causing the clutch to stop turning. When the 
clutch pedal is released, the flywheel sets the clutch in motion. 

Back of the clutch is the gear box (Figure 373), which con- 
tains several gears. When the gear-shift is in neutral, the 
gears do not mesh, and no power is transmitted to the pro- 
peller shaft. When the gears are shifted into low speed, a 
small gear connected with the clutch drives a large gear 
connected to the propeller shaft. The small gear revolves 
more rapidly than the large gear, so that the propeller shaft 
will turn more slowly than the engine. Why? (See page 336.) 
When the gears are shifted to second speed, the sizes of the 
two gears are more nearly alike, and the car will move more 
rapidly. When the gears are shifted into high speed, in many 
cars the shaft from the clutch connects directly to the main 
shaft, and the propeller shaft will turn as fast as the engine. 
This system of gears is necessary because it requires more 
power to start the car than it does to keep it moving, and be- 
cause at different times different degrees of power and speed 
are needed. 

The power is transmitted to the rear wheels by the pro- 
peller or driving shaft, which is connected with the main shaft, 
as shown in Figure 373. Since the propeller shaft turns in a 
different direction from the rear wheels, another system of 
gears is necessary to change the direction of the power. This 
change of direction is accomplished by the differential, which 
is the large round part in the middle of the rear axle. The 
differential also permits one rear wheel to go faster than the 


other, which is of course necessary when the car is going 
around a corner. 
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Fig. 373. A Side View of an Automobile 
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Exercise 10. Trace the transmission of the force of exploding gas 
from the piston to the rear wheels of an automobile. 


Review Exercise on Unit XIII. (a) Turn back to the Preliminary 
Exercises and mark those which you answered incorrectly or failed 
to answer. Answer them at the end of your original answers. 

(b) Turn to the Table of Contents of Unit XIII and see if you can 
give satisfactory answers to each of the problems in this unit. If you 
cannot do so, study the text until you can. 


ADDITIONAL EXERCISES AND PROJECTS ON UNIT XIII 


1. How can a steam engine be used to pump water? 

2. Trace back to the sun the energy of steam made by burning 
coal under a boiler. 

3. A locomotive has to exert a greater force to start the train 
than it does to keep it moving after it is once started. Explain. 

4. Large railroad companies have found it necessary to build 
water-softening plants for producing soft water to be used in the 
locomotive boilers. Why is this necessary in certain regions and how 
is the great expense justified? (See page 185.) 

5. Why does the puff of a locomotive become more rapid as the 
engine increases its speed? 

6. Make a comparison of the steam engine and the gasoline en- 
gine as sources of power for running an automobile. 

7. Compare the construction and operation of a steam engine 
with that of a gasoline engine. 

8. A four-cylinder engine produces a more even power than a 
one-cylinder engine. Why? 

9. Why is the radiator of an automobile constructed like a honey- 
comb? 

10. The engine oil should be drained every 500 miles. Why? 
11. Why is alcohol used in the radiator in the winter time? 


UNIT XIV 
GENERATING AND USING ELECTRICITY 


PRELIMINARY EXERCISES 


1. Make a list of the uses of electric cells, or “batteries,” as they 
are commonly called. 

2. Why cannot cells be used to supply electricity for a city? 

3. What kind of cell is used in a flashlight? 

4. What kind of cell is used in the automobile? 

5. Name as many uses of the electric motor as you can. 

6. What is a magnet? How does it work? 
List as many ways as you can in which one kind of energy 
may be changed into another kind of energy. 

8. Write a paragraph entitled “What Electricity Is.’ In this 
paragraph tell all you know about electricity. 

9. In what ways have you made use of electricity in the past 
few days? 

10. Make a list of as many electrical devices as you can. 


= 


THE STORY OF UNIT XIV 


Electricity is one of the most useful forces which nature 
furnishes to man. By harnessing this force man has come 
into possession of an unlimited source of energy. Electricity 
has many uses. It can drive machinery of all sorts, propel 
vehicles, lift heavy objects, and transmit messages. When it 
is passed through certain kinds of wire, it is changed into heat 
and light energy, as occurs in the electric toaster and the 
electric-light bulb. When it is passed through solutions of 
certain chemicals, it can decompose them. Use is made of 
this property to electroplate articles with gold and silver, to 
free metals from their ores, and to make new chemicals. These 
are the most important uses of electricity, through which 
man has changed living conditions so that the humblest home 

389 


390 GENERATING AND USING ELECTRICITY 


today may be supplied with conveniences which were beyond 
the reach of kings a hundred years ago. 

Generating or producing electricity is a very simple matter. 
One simple way to do it is to rub a ma- 
terial like hard rubber with a piece of 
wool. Another way is by passing a comb 
through your hair several times. If you 
then bring the comb near some small 
pieces of paper, they will be attracted and 
jump up to it. The comb has become 
electrified. This method of producing 
electricity was known as far back as 600 
B.c. The electric charge on the objects 


Fig. 374. : ‘ 
The wie Cell which are rubbed together is known as 


Cuisthesymbol for static electricity, for it was formerly 
copper; Znis the sym- thought that electricity does not move, or 


bol for zinc. The sym- - 
pal fou eulodniarward flow. Because of the method of producing 


is H-SO,. it, it was called frictional electricity, and 
was for more than 2000 years the only 


kind known. It was thought to have a 
be inc Electrode 
x ig 


it as a rather curious property which 
some materials possessed. 

It was not until 1799 that Alessan- 
dro Volta, an Italian scientist, dis- 
covered a method of producing a 
current of electricity by inventing 
the electric cell. This cell is very 
simple and can easily be made by Fig. 375. Simple Cell Con- 
placing a strip of copper and a strip ected with an Electric Bell 
of zine in a dilute solution of sulphu- se ene nei aes 
ric acid (Figure 374). If thiscellis ~ : 
connected to an electric bell in the manner shown in Figure 375, 
the bell will ring, showing that an electric current is generated. 
The electric energy is produced by the chemical action which 


no practical value, and was of inter- 
est only to scientists, who regarded 
Copper 
fl Electrode 
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takes place between the zinc and the sulphuric acid. During 
this chemical action the chemical energy of the zinc and the 
sulphuric acid is changed into electric energy. 

Cells are easily obtained and furnish enough electricity 
to operate small electric appliances. The type in greatest 
use at present is called the dry cell 
(Figure 376), although its contents are 
not actually dry. If you live in a small 
town or in the country, you will prob- 
ably find a dry cell inside your tele- 
phone. If you trace down the wires 
which connect with the push-button 
at the front door, you will probably 
find that they are connected to an elec- 
tric cell. If you take apart your flash- 
light, an electric cell will be found 
inside. When you press on the starter 5 
of your automobile, electricity from a || 2a, 
cell sets in motion an electric motor 
which cranks the engine. The same  Fig.376. A Sectional View 
cell furnishes electricity for the lights, of a Dry Cell 
and the spark plugs. Radio sets whick | After you finish study- 

ing Problem 1, turn back 
use vacuum tubes as detectors and aileraininenio diferent 
amplifiers also operate on cells. Elec- parts of this cell. 
tric cells are very useful, because they 
can be carried around érom place to place with little inconven- 
ience and so made to furnish us with a small current of elec- 
tricity whenever we need it. 

Since man first recognized the wonderful source of power 
which electricity gave to him, he has been constantly experi- 
menting to find new methods of generating and using it. He 
discovered very early that the cell did not furnish sufficient 
electricity for his uses. Until 1831, however, the cell was the 
only source of current electricity. In that year, Faraday, a 
famous English scientist, discovered that an electric current 
could be generated by moving a coil of wire between the poles 
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Electrode 
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of a horseshoe magnet (Figure 377). After about forty years 
of experimentation this method resulted in the perfection of 
a machine which would produce a heavy current of electricity. 
This machine, which is called the dynamo, may be run by a 
steam engine, gas engine, or water-wheel. Wires connected 
to the machine carry an electric current away from it. 

With a powerful source of electric 
energy, such as the dynamo sup- 
plied, man’s understanding and use 
of electricity increased rapidly. One 
of the many electrical devices in- 
vented was the electric motor. This 
is used to run fans, pumps, auto- 
mobiles, and machinery of all sorts. 
The motor differs but little from the 
dynamo in construction; in fact, some 
dynamos can be used as motors. The 

Fig. 377. Generating an main difference between them is in 
Electric Current their operation. The motor is con- 

If the loop of wire is nected by wires with the dynamo or 
revolved either backward or ¢e]], and the electricity which flows 
forward, a current of elec- ‘ 
tricity is generated in it, | through the motor causes the motor 

to turn. 


PROBLEM 1: HOW ARE CELLS USED AS A SOURCE OF 
ELECTRICITY? 


A complete circuit is necessary. The easiest way to under- 
stand how a simple cell is used is to construct one and connect 
it to some electrical device. 


Experiment 83: How is a simple cell constructed and connected so 
as to furnish an electric current? 


(2) Obtain a glass tumbler, a small strip of zine, and a strip of 
copper. Make a small hole in one end of each strip, so that a wire 
may be attached. Bend the end with the hole so that it will hang 
on the rim of the tumbler (Figure 375). Make a solution of sul- 
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phuric acid, using one part of acid to ten parts of water. (Always 
pour the acid into the water.) Pour this mixture into the tumbler. 


(b) Place the zine and 
copper strips in the solution 
and connect one of them by 
a wire to one binding post 
of an electric bell. Does 
the bell ring? Now connect 
the other strip to the other 
binding post of the bell. 
Does the bell ring? 

You see from Experi- 
ment 83 that both the 
zinc and copper strips 


Fig. 378. A Complete Circuit 


The bell will ring as long as the circuit 
is complete. 


have to be connected to the bell before it will ring. In all 


electric circuits a wire must be connected 
from the cell to the device which is being 
operated, and then another wire must be 
connected back to the other strip in the 


cell. Before electricity will flow from a 


Fig. 379. An Electric el], there must always be a complete 


Circuit Containing a Cir- 


cuit-Breaker electric circuit (Figure.378). Copper wire 
The circuit is made igs generally used for this purpose because 


and broken by the push- 
button. (See Figure 380.) 


it is a good conductor of electricity. 


In operating an electric bell, a push- 


button is placed in the circuit (Figure 379). 


construction of a push-button. A flat 
strip of brass is fastened at the bottom, 
and one wire from the cell is attached to 
it. At the top is a piece of brass spring 
which is connected to the wire leading to 
the bell. When the push-button is not 
pressed down, the current cannot pass, 
because the circuit is broken. When the 
push-button is pressed down, the two 


Figure 380 shows the 


Fig. 380. A Side View of 
a Push-Button 
When the button is 
pushed downwards, the 
circult is completed. 


pieces of brass are brought together and the circuit is made; 
therefore the current can pass. A device, like the push-button, 
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which can “make” or “break” the circuit is called a czrcuzt- 
breaker. Switches (Figures 381, 382, and 383), which are used 


Fig. 381. A Double Throw-Switch 
This type of switch is common- 

ly used where a strong current 

passes through the circuit. 


happen to touch, as shown in 


the current would pass through the bell, 
most of the current taking the short cut 
back to the cell. This is a short-circuit. 
One method of guarding against short 
circuits is to use insulated wire. Ma- 


to turn on or off electric lights 
or motors, are circuit-breakers. 
When connecting any electrical 
devices to a cell or other source 
of electricity, always check over 
your connections to be sure you 
have a complete circuit. 

You have probably heard about 
short-circuits. Let ussee what this 
term means. Electricity always 
travels by the shortest possible 
path, and, if two wires should 
Figure 384, only a small part of 


terials like cotton, wool, silk,andrubber Fig. 382. Plug and Re- 
are non-conductors of electricity; that ceptacle 
is, electricity will not travel through This is a very common 


them. If the wires are wrapped with 


attachment for electric 
irons, toasters, and fans. 


any of the above materials, the wires 
are insulated, and the insulators may touch each other without 


Fig. 383. A Key Socket 


This is the common electric-light socket. 


any danger of a short- 
circuit unless too great a 
current is sent through 
them. Short-circuiting 
will wear out a cell rap- 
idly, and may cause fires. 
Therefore, when you are 
making connections for 


electrical devices, you should always use insulated wires or 


keep the wires far apart. 
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How a simple cell is made. In the last experiment you 
constructed a simple cell, using zinc and copper strips and 
sulphuric acid. The strips in a cell are called electrodes, and 
the liquid in which they are placed is 
called the electrolyte. In other words, the 
simple cell consists of a zinc electrode and 
a copper electrode placed in the electrolyte, 
sulphuric acid. Certain materials must 
be used as electrodes; some cannot be used gh ibippenee ie - 

A nsulation would pre- 
as electrolytes, as Experiment 84 shows. ventashort-circuit here. 


Ory'Cell 


Experiment 84: What materials are necessary in making a cell? 

(a) Construct a cell as in Experiment 83. What evidence of chem- 
ical action, such as the production of heat or bubbles of gas? 

(b) Obtain two copper strips and place them in a solution of sul- 
phuric acid. Do you note any evidence of chemical action? Con- 
nect with a bell. Does it ring? 

(c) Obtain a dry zine and dry copper electrode and place them in 
a solution of sugar and water. Do you note any evidence of chemical 
action? Connect with a bell. Does it ring? 

In order for electric energy to be produced by a cell, two 
different kinds of materials must be used for the electrodes. 
These materials must be conductors of electricity. Further- 
more, the electrolyte must be such that it will act chemically 
upon one of the electrodes. If the cell which you constructed 
is left connected for some time, you will see that the zinc is 
gradually dissolved by the acid. The copper electrode does 
not act with the sulphuric acid. It is therefore called the 
inactive electrode. Chemical energy is changed into electric 
energy by the action of the zinc with the sulphuric acid. There 
are many different types of cells, but all are constructed on the 
same principle as the simple cell. 

Exercise 1. Why is a dry cell more practical than the simple cell? 

Exercise 2. Explain the meaning of the following terms: electric 
circuit, short-circuit, circuit-breaker. 

Exercise 3. Would a cell work using two zinc electrodes in a solu- 
tion of sulphuric acid? Try it. Explain your results 
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PROBLEM 2: HOW IS ELECTRICITY MEASURED? 

The flow of electricity through a wire is very similar to the 
flow of water through a pipe. In order to use cells properly it 
is first necessary to have an idea of the nature of an electric 
current. You remember (page 126) that in a gravity system 
the water flows through pipes because of the pressure of the 
water in the reservoir. This pressure is measured in pounds 

persquare inch. The 

quantity of water 
water flowing through the 
pipes is measured 
in gallons per min- 
ute. The number 
of gallons which 
will flow through a pipe depends upon three things: (1) the 
pressure of the water in the reservoir; (2) the diameter of the 
pipe; and (8) the resistance which the surface of the pipe 
offers to the flow of the water. 


Wy 


Fig. 385. Diagram for Exercises 4, 5, and 6 


Exercise 4. When the plugs are unscrewed, will water flow faster 
through Pipe A or Pipe B (Figure 385)? Explain. 

Exercise 5. Water will flow faster through Pipe C than through 
Pipe D (Figure 385). Why is this true? 

Exercise 6. Select the tank which will furnish the greatest pres- 
sure; select the pipe with the least resistance. 

In an electric cell a greater electrical pressure is produced 
on the electrode which acts chemically with the electrolyte 
than upon the inactive electrode. Thus, in the simple cell 
the electrical pressure built up on the zine electrode causes 
a current to flow through the wire to the copper electrode. 
This electrical pressure is commonly called electromotive force 
(E.M.F.), and the unit which is used to measure it is called 
the volt. The electrical pressure of a simple cell such as you 
constructed is approximately one volt. When the electrodes of 
a cell are connected by a wire, the wire offers a resistance to 
the passage of electricity through it. The unit used to measure 
this electrical resistance is the ohm. The amount of current 
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flowing through the wire per second is measured by the ampere. 
A comparison of the units used in a water-supply system and 
those used in measuring electric current is given below. 


WATER ELECTRICITY 
FLOW ~ Gallons per second Amperes 
PRESSURE Pounds per square inch Volts 
RESISTANCE Pounds per square inch Ohms 


If the water pressure in the pipes is increased by raising the 
height of water in the reservoir or by operating the pumps more 
rapidly, the amount of water flowing through the pipes will also 
be increased, because there will be a greater force to overcome 
the resistance which the pipes offer. In the same manner, if 
the electrical pressure is increased, the amount of current will 
increase. If a longer pipe or a smaller pipe is used, the resist- 
ance will be greater, and the amount of water flowing through 
it will decrease. If a longer wire or a smaller wire is used, the 
resistance to the current will increase, and consequently the 
amount of current passing through the wire will decrease. 
This relation of the electrical pressure, the current strength, 
and the resistance is expressed in the following way: 

electromotive force 


current strength : a) 
resistance 


or in terms of the units of measurement, 


volts 
amperes =- : 
ohms 


This is called Ohm’s Law, in honor of the man who discovered 
it. You can easily see how this law may be applied. For 
example, suppose that the electromotive force of a cell is one 
volt and that it is connected to a bell which has a resistance of 
four ohms. How much current will flow through the wire? 
Since the number of amperes equals the volts divided by the 
ohms, if you divide one by four you find that one-fourth of an 
ampere flows through the wire. What would be the current 
strength if the electromotive force, or voltage, were doubled? 
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Exercise 7. A cell which has an electromotive force of one volt 
is connected to a small motor. The current strength is one-fourth 
ampere. What is the resistance of the motor and the wire used to 
connect it? 

Exercise 8. An electric-light bulb has a resistance of 220 ohms. 
When connected to the lighting circuit, one-half ampere of electricity 
passes through it. What is the voltage of the lighting circuit? 

Exercise 9. State two ways, in which the current strength in a 
circuit can be increased. As 


PROBLEM 3: HOW SE 0 CELLS BE CONNECTED? 
n 


If you wish to operate any electrical device by means of 
cells, the proper E.M.F. and the proper current flow must be 
obtained. This may be done by using the correct number of 
cells and the proper kind and length of wire for the circuit, by 
making good connections, and by using the correct “hook-up.” 


Experiment 85: What kind of wire will secure the largest 
possible current? Y 


(a) Obtain two pieces of copper wire of equal length, one about 
No. 30 to No. 36 and one about No. 18 or No. 20. Connect each one 
separately to a simple cell or 

ey a dry cell and measure the cur- 
rent strength with a compass. 


~ 


Af Mh < Sly This can be done by placing a 

fee =: w s ie compass on the table and turn- 
H | n= Es ing it so that the needle points 

IMT ~ north and south, as shown by 
<= the markings on the dial. Now 


connect the electrodes with the 
larger of the two copper wires. 
Bring the wire over the com- 
pass, as shown in Figure 386. The compass needle changes position, 
and the strength of the current is indicated by the number of degrees 
the needle shifts. Now use the wire of small diameter and repeat the 
test. Compare the results obtained. 

(6) Obtain a piece of copper wire and a piece of iron or german- 
silver wire of exactly the same diameter and length. Connect as in (a) 
and measure the current. Compare results. ; 


Fig. 386. Apparatus for Ex- 
periment 85 
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(c) Obtain two pieces of iron wire of the same diameter, but one 
twice as long as the other. Connect as in (a), measure the current, 
and compare the results. 

What kind, size, and length of wire 
would you use to cut down the resistance? 


tron Wire No.30 


The method of attaching the wire 
to the binding posts, or terminals, of 
the cell and other instruments is also vig) 387/UDiageem¥or 
of great importance in cutting down Exercise 10 
the resistance. The ends of the wire No. 30 wire means that 
should always be well scraped and ae ae E ae ae 
should be attached firmly to the bind- focloaninch. 
ing post. The best connections are 
made by soldering. If bare wires are used, care must be taken 
that they do not touch, for, as you recall, a short-circuit will 


be formed if they do. 


Exercise 10. What changes would you make in the electric circuit 
in Figure 387 if you wanted the bell to ring as loudly as possible? 


Push Button 


Proper combinations of cells should be used. For some uses, 


such as in radio, it is necessary to hook-up two or more cells, 
that is, a bat- 


tery of cells. 
There are two 
common meth- 
ods of con- 
necting cells, 
in serves and 
in parallel. 
Cells are con- 
nected in ser- 
ies as shown 
in Figure 388. 
Note that the negative electrode (the zinc) of one. cell is 
connected to the positive electrode (the carbon) of the sec- 
ond cell (see Figure 376), and the negative electrode of the 


Fig. 388. Three Cells Connected in Series 


The diagram at the right shows the customary signs 
used by the electrician to indicate the different devices. 
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second cell is connected to the positive electrode of the third 
cell. From the other two electrodes, marked (A) and (B), wires 
lead to the device to be operated. When cells are connected 
in series, the E.M.F. is increased. For example, the E.M.F. 
of one dry cell is 1.5 volts. 
p Two dry cells connected 
in series have an E.M.F. 
of 3 volts, and three dry - 
cells connected in series 
have an E.M.F. of 4.5 
volts. In operating elec- 
tric bells, telegraphs, and 
motors where high voltage 
is required, a series con- 
nection usually gives the 
best results. 
Cells are connected in 
parallel as shown in Fig- 
Fig. 389. Three Cells Connected in Ure 3889. You will observe 
Parallel that the positive  elec- 
What is the difference between con- trodes of all cells are con- 
a Ma te parallel and in series? nected together, and also 
that the negative elec- 
trodes are joined. Jn this arrangement the total E.M.F. is 
the same as the voltage of one cell. This arrangement of cells 
is used when a high voltage is not required and when a contin- 
uous current is needed over a long period of time. Its chief 
use is in connecting cells for lighting vacuum tubes in radio 
sets. Thus, when you have a 1.5 volt radio tube, it is more 
economical to light it with two cells connected in parallel than 
to use two single cells, one after another. 


Experiment 86: To discover the better method of connecting 
cells to a toy motor. 


Obtain two dry cells and a small electric motor. Connect the 
cells in series with the motor and observe how fast it goes. Repeat, 
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connecting the cells in parallel. Which one of the two connections 
makes the motor run the faster? 


Exercise 11. Dry cells have an E.M.F. of 1.5 volts. Make a 
drawing showing how you would connect two cells to a 1.5-volt 
vacuum tube, such as is used in radio. (More than 1.5 volts forces 
so much current through the filament of the tube that the filament 
will melt, or “burn out’ in a short time.) 


PROBLEM 4: HOW DOES A STORAGE CELL FURNISH AN 
ELECTRIC CURRENT? 

A storage cell is made up of two electrodes of different 
materials and an electrolyte, as is the simple cell. When 
the ordinary cell is used for a long time, the negative electrode 
is used up, and the cell becomes worthless. The storage cell 
also becomes inactive, or ‘‘dead,” after it is used for a long 
time, but its activity may be restored by charging. 


Experiment 87: How is a storage cell constructed and charged? 


(a) Take two 1-by-4-inch lead plates. Make a solution of sul- 
phuric acid, using one part of acid to eight parts of water. Pour this 
solution into a tumbler. Place the lead plates in the solution so that 
they do not touch each other. 

(b) Attach the lead plates to an electric bell ' lr | 
(Figure 375). Does the bell ring? Explain. 

(c) Connect three dry cells in series to the 
lead plates and allow a current to pass through 


for three or four minutes (Figure 390). Note zy 

the bubbles which collect on one plate and the Leag HHEE= HE Lead 

change in color on the other plate. Plate Fei Plate 
(d) Disconnect the dry cells and connect the == 

lead plates to the electric bell. Result? Leave Fig. 390. Demonstra- 

the bell connected until it stops ringing. Exam- tion Storage Cell 


ine the lead plates and note any change in color. 
(e) After the bell stops ringing, pass a current through the cell 
as in (c), and then connect the bell again. Results? 


When the two lead plates are first put in the acid, no current 
is obtained, because they are both made of the same material. 
When the current is passed through, one electrode turns 


402 GENERATING AND USING ELECTRICITY 


brown, caused by a chemical change on the surface. The 
other plate remains as lead. You now have a cell with differ- 
ent kinds of electrodes, because the charge has changed the ma- 
terial of one. The electric energy which was passed into the 
cell has been changed 
NegativeTerminal | to chemical energy. 
Filler Plug When the cell is dis- 
Positive charging, the sul- 
Terminal | phuric acidacts upon 
the plates chemically 
and changes them 
into the same mate- 
rials on the surface. 
No current can now 
flow, because the 
electrodes are com- 
posed of the same 
materials. When a 

Courtesy Prest-O-LiteCo current is passed 
Fig. 391. Sectional View of a Storage Battery through again, the 


Note the large size of the plates. This cuts cells axe restored to 
down the internal resistance of the cell and also their original condi- 
allows the storage of alarge amount of chemical tion, or recharged. 
energy. 


Negative 
Piates 


Insulator 


In the commercial 
storage battery several cells are used, the number depending 
upon the voltage required. The voltage of a storage cell is about 
two volts. For a six-volt battery three cells are connected in 
series. The materials used in batteries are usually lead for the 
negative electrodes, lead peroxide for the positive electrodes, 
and sulphuric acid for the electrolyte. These materials which 
compose the electrodes are pressed into frames, or grids. Each 
cell contains several positive and several negative grids or 
plates. Perforated hard-rubber plates or other non-conductors 
keep the plates from touching so they will not become short- 
circuited. Positive plates of the cells are connected to posi- 
tive, and negative plates to negative, as shown in Figure 391. 
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Unfortunately no “fool-proof’’ stor- 
age battery has thus far been con- 
structed. Storage cells are easily ruined 
if they do not have the proper care. 
The water in the cell evaporates, which 
makes it necessary to add water occa- 
sionally. Distilled water is always used 
for this purpose, since it contains no 
minerals which might injure the cells. 
The solution should never be below the 
top of the plates. The condition of the 
cell can be determined by means of an 
hydrometer (Figures 392 and 393). Each 
hydrometer has a scale upon which are 
printed numbers from 1100 to 1300. A 
cell, to be fully charged, must register 
from 1270 to 1300. If it falls below 

1150, 


403 


Fig. 392. Hydrometer 
Readings of a Charged 
and a Discharged Cell 
Which reading is that 
of the charged cell? 


it is practically dis- 


Fig. 393. Testinga Storage Battery 


The filler plug is removed, and 
the hydrometer is inserted into 
the cell. Squeezing the bulb and 
then releasing it will cause some of 
the electrolyte to rise into the hy- 
drometer. Why? 


charged and should be re- 
charged at once. If the cells 
test differently, they should be 
taken to a competent battery 
expert, because they are short- 
circuited, or something else is 
wrong. If for any reason the 
battery is not working proper- 
ly, never pour acid into it or 
try to fix it yourself. Take it 
to a battery station. 


Exercise 12. Explain how a 
storage cell differs in its construc- 
tion and its operation from a 
simple cell. 

One often hears the statement, 
“a storage cell stores electricity.” 
Is this true? Explain, 


404 GENERATING AND USING ELECTRICITY 


PROBLEM 5: HOW DOES A DYNAMO GENERATE AN 
ELECTRIC CURRENT? 


Magnets can be used to produce electricity. In order to 
understand how a dynamo generates an electric current, it is 
first necessary to examine the force exerted by magnets. 


Experiment 88: What is the nature of the force exerted by magnets? 


(a) Place either a bar magnet or horseshoe magnet in a pile of iron 
filings and then pick it up. Do you find the same amount of filings 
clinging to all parts of the magnet? 
The points where the magnetism ap- 
pears to be concentrated are called poles. 

(b) Secure a thin piece of cardboard 
: or a glass plate and some fine iron filings. 
Fig. 304. Apparatus for Ex- Place the cardboard or glass plate over 

periment 88, part (b) a horseshoe magnet, as shown in Figure 
394. Sprinkle some iron filings on the 

glass plate, gently tapping the plate as you do so. Make a drawing 
showing the arrangement of the filings. 

(c) Wrap 10 turns of insulated wire 
around a large iron nail. Connect the 
wire to a cell as shown in Figure 395. 
Bring the end of the nail near several 
smaller nails and note that the latter 
are drawn over to the magnetized nail. 
How many nails will it hold up? Dis- 
connect one wire from the cell. What Fig. 395. Apparatus for Ex- 
effect does this have upon the magnet? periment 88, part (c) 


T'rom the experiment you see that there are two kinds of 
magnets. The bar and the horseshoe magnets, made of steel, 
retain their magnetism and are therefore called permanent 
magnets. When a coil of wire through which an electric 
current is passing is wound around an iron nail, you have 
an electromagnet. This retains its magnetism only so long as 
the current is passing through it. It is a temporary magnet. 
The experiment also shows that invisible rays extend be- 
tween the poles of a magnet, which affect pieces of iron 
placed in their paths. These are magnetic rays or lines of force. 
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Whenever a coil of wire is moved between the poles of a 
magnet, the wire must cut through the magnetic lines of force 
which extend from one pole to the other. 


Experiment 89: What effect do the lines of force have upon a coil 
of wire which cuts through them? 


(a) Wrap a large nail with about 40 turns of No. 24 or No. 22 
insulated copper wire, leaving about one-half inch of the nail exposed 
at each end. 

(b) Connect the two loose ends of the wire 
and hold the wire over the compass as shown 
in Figure 386, page 398. 

(c) Clamp the nail so that it cannot move 
(Figure 396), and bring a horseshoe magnet 
toward it so that the poles pass over the coil 
which is wound around the nail. Observe that 
the needle of the compass moves either to the 
right or left as the magnet approaches. When 
the magnet is not in motion, there is no move- 
ment of the compass needle. wa 

(d) Pull the magnet away froma thé cdil. 
Note that the compass needle turns, but this 
time in the opposite direction to that of the 
first time. 


Tess, 


DP 
Fig. 396. ‘Apparatus 
for Experiment 89 


When the magnetic lines of force between the poles of the 
horseshoe magnet are forced over the coil of wire, a current 
of electricity is produced in the coil. This was shown by the 
movement of the compass needle, which detects the presence of 
electrical currents. Furthermore, the direction of the current 
depends upon the direction in which the lines of force cut the 
coil. This was shown by the compass needle, which turned 
one way when the magnet was brought to the coil and in the 
other direction when it was moved away. An electric current 
is thus produced in a coil of wire when the lines of force be- 
tween the poles of a magnet cut through the coil. It makes 
no difference whether the magnet or the coil is moved. When- 
ever lines of force are cut by a conductor, they produce a 
current of electricity. 
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A dynamo has four essential parts. 
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There are four essential 


parts to a dynamo (Figure 397): (1) field-magnets, or stator, (2) 


_ Brushes | 


armature, or rotor, 
(3) slip-rings, and 
Stator | (4) brushes. The 
field magnets are 
made of soft iron, 
and are wrapped 
with insulated cop- 
per wire through 
which the current 
passes, making it 
an electromagnet. 
The armature con- 


in Figure 398. 


the poles of the field magnet (Figure 398). 


; Courtesy General Blectric Co, 
Fig. 397. An Alternating-Current Dynamo 
The rotor of this dynamo is shown separately 


: sists of a coil of in- 
sulated wire wrap- 
ped on an iron core, 
and rotates between 
The two ends of 


the copper wire in the armature are connected to the slip- 


rings, which turn with the 
armature. The brushes slide 
on the slip-rings and conduct 
the electricity to the outside 
circuit. The shaft of the arma- 
ture is connected to a steam 
engine, water turbine, or other 
source of power, which causes 
the armature to rotate. In this 
dynamo the field-magnets are 
so arranged that the current 
set up in the coils changes 
direction many times each 
second, 


Courtesy General Electric Co. 
Fig. 398. Rotor of a Dynamo 
This rotor is forced to rotate in- 
side the stator by steam, gas, or 
water power. 


This is called an alternateng current; that is, the 


current travels first in one direction and then in the other. 
The slip-rings bring this current to the brushes, which connect 
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to the outside circuit. Dynamos furnish much higher voltage 
than cells. The usual voltage is 110 or 220. The ordinary 
house-lighting circuit requires 110 volts. Dynamos constructed 
to operate lighting circuits are run at such speed that the 
current changes 


direction 60 times Field Magnets 
a second. This is |. | Brushes 
called a 60-cycle | {h varie 


alternating current. Ay gg (Commutator 

Exercise 13. Explain _ . 
as fully as you can 
how an electric cur- 
rent is produced in a 
dynamo. 


Some dynamos 
are constructed so 
as to furnish a direct 
current; that is, the 
current always 
moves in the same 


direction. In this Courtesy Holtzer-Cabot Co. 
type of dynamo Fig. 399. A Direct-Current Dynamo 
(Figure 399) a com- The essential difference between a direct-cur- 


mutator is used in rent dynamo and an alternating-current dynamo 
place of the slip- is in the method of taking the current from the 

; rotor. The commutator changes the alternating 
rings. The commu- current to a direct current. 


tator is connected 
to the coils of the armature in such a way that when the direc- 


tion of the current changes in the coils, the brushes will touch 
only the segments of the commutator through which the 
current is always traveling in the same direction. Thus the 
brushes carry off a direct current to the outside circuit. 

The direct-current: dynamo is commonly used to charge 
automobile storage batteries, because the current must always 
enter the battery from the same direction in order to produce 
a different chemical change on the two electrodes. 
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PROBLEM 6: HOW DOES AN ELECTRIC MOTOR OPERATE? 


An electric motor (Figure 400) is very similar in construc- 
tion to an electric dynamo; in fact, it can be made to serve 


-"Commutator 


Fig. 400. A Direct-Current Motor 


This is a 10 horse-power motor. Its actual 
size is about 20 inches high and 25 inches long. 


Courtesy Westinghouse Co. 


either as a motor or 
dynamo. The action 
of the motor, how- 
ever, 1s Just oppo- 
site to the action 
of the dynamo. 
The dynamo pro- 
duces electricity; 
the motor uses 
electricity to do 
work. A simple 
motor, which will 
show how an elec- 
tric motor operates, 
is very easily con- 
structed. 


Experiment 90: How maya simple motor be constructed? 


(a) For the armature, obtain a straight-sided cork about two inches 
long and three-quarters inch in diameter. Cut or notch it on two sides 


and wind it with about 20 turns of 
No. 22 or No. 24 insulated wire 
(Figure 401). Then cut two small 
pieces of No. 18 bare copper wire 
about an inch long. Push them into 
the cork at right angles to the wind- 
ing. Fasten the free ends of the 
wire on the cork, one to each of the 
wires in the cork. Place a horseshoe 
magnet over the armature. Connect 
a copper wire to each electrode of a 
dry cell. Bare the ends of the wire 


Fig. 401. Rotor of a Simple 


Motor 


and hold them in such a manner that they will touch the wires to 
which the coil is attached, when the faces of the coil on the armature 
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are up and down (Figure 402). (If the armature does not turn, 
connect up two more dry cells, or increase the number of magnets.) 

(b) Reverse the direction of the current through the motor by 
reversing the wires. What effect does this have upon the directions 
in which the armature rotates? 


The armature moves 
around in the motor 
because of the magnetic 
forces which are acting 
upon it. There are two 
magnetic fields: that of 
the field magnets and 
that around the coils of 
wire on the armature. 
If the current is brought 
into the armature when 
the coils of the arma- Fig. 402. Construction of Simple Motor 
ture are in a certain 
position, the two magnetic fields oppose each other, and the 
result of the magnetic forces is to cause the armature to turn. 
When the direction of the current is changed, the motor runs 
in the opposite direction. 

The speed of an electric motor is regulated by putting greater 
or less resistance into the circuit to change the current strength. 
(See page 397). A device for accomplishing this is called a 
rheostat. If you have a small electric motor, you can con- 
struct a rheostat to regulate its speed. 


Experiment 91: How can a rheostat for a small motor be constructed? 


(a) Obtain some No. 24 or No. 30 iron or german-silver wire. 
Wind about 30 turns around a pencil. Now connect one end of the 
coil to a dry cell. Connect the other electrode of the cell to the 
motor. Attach a copper wire to the other binding post of the motor 
and touch the free end of the wire to the free end of the coil. Does 
the motor run? If it does, it will be necessary to add more turns 
to the coil until finally the motor will not run. Now obtain a wooden 
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block to serve as a base, a strip of copper or brass for the rheostat 
arm, and assemble as shown in Figure 403. 

Fasten one free end of the whole coil to a tack at the left of the 
board. Then divide the coil so that equal portions of the coil will be 
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Fig. 403. A Simple Rheostat 


If 60 turns of wire are necessary to 
make the coil, there will be about 15 


between the other tacks on the 
board. If the arm of the rheostat 
is placed on the tack at the left, 
none of the coil will be in the 
circuit. If the arm is placed on 
the second tack on the left, the 
part of the coil between the two 
tacks will be in the circuit. Thus, 
the farther to the right the arm 
is moved, the greater the length 
of wire which will be in the circuit 
and the greater the resistance. 


In starting a motor, all of 


the resistance should be in, 
otherwise a full current may 


cause the insulation to burn 
off and short-circuit the coils. 
Then the switch arm is moved slowly forward, cutting out more 
and more resistance as the motor gains in speed. 


turns of wire between tacks. 


Exercise 14. Explain the difference in the operation of the motor 
and the dynamo. 


PROBLEM 7: HOW CAN ELECTRICITY BE USED FOR 
ELECTROPLATING? 

One of the many uses of electricity is that of plating objects 
with gold, silver, copper, nickel, or other metals. If you 
examine some of the silverware at home, you may find it 
stamped with the words “Silver-plated.” Practically all 
silver dishes or other silver objects which are not stamped 
“Sterling Silver’’ are plated. 


Experiment 92: How are objects electroplated? 


(a) Make a solution of copper sulphate and water and pour it into 
a glass tumbler or beaker. Obtain a clean silver dime and make 
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a little stirrup of copper wire so that the dime can be suspended in 
the solution. Also obtain a strip of copper about four inches long 
and a half-inch wide. Connect the coin to the negative electrode 
of a dry cell (see page 399) and the copper strip to the positive elec- 
trode of the same cell. 

(b) Place the silver coin and 
the copper strip in the solution 
for a few minutes (Figure 404). 
Remove the coin. Result? 

Electricity has the power 
to decompose or break up 
materials like copper sul- : 
phate when they are in Fig. 404. Electroplating Apparatus 
solution. Copper from the Be sure to connect the silver coin to 

ralic : the negative electrode. 

solution is deposited on the 

coin. At the same time some of the copper which composes 
the copper strip goes into solution and takes the place of the 
copper which was 
deposited. In this 
way the strength 
of the solution is 
maintained. 

In plating with 
silver or other ma- 
terials the same 
method is used. A 
compound of silver 
= which can be de- 

Fig. 405. Plating Articles with Silver composed by elec- 
The bar from which the articles to be plated tricity is used as an 


are suspended is not in contact ae er positive electrolyte, and the 
h this view makes it appear so. : 
rere article to be plated 


is connected to the negative electrode of the source of current. 
A bar of pure silver is connected to the positive electrode of the 
cell (Figure 405). 


Exercise 15. How is electroplating done? 


Py ya 


wh, es TN 


ro 
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Review Exercise on Unit XIV. (a) Turn back to the Preliminary 
Exercises and mark those which you answered incorrectly or failed 
to answer. Answer them at the end of your original answers. 

(b) Turn to the Table of Contents of Unit XIV and see if you can 
give satisfactory answers to each of the problems in this unit. If 
you cannot do so, study the text until you can. 


ADDITIONAL EXERCISES AND PROJECTS ON UNIT XIV 


1. Make a diagram showing the connections of a battery of dry 
cells which will furnish 15 volts. 

2. By means of a drawing, show how an electric bell in the front 
part of the house and one in the kitchen can be operated by one 
push-button at the front door. 

3. Can glass be used as an electrode? Why? 

4. Copper wires are generally wrapped with cotton or silk. Why? 

5. The tops of dry cells are covered with tar or pitch. Why? 

6. Cells finally ‘wear out” so that they will no longer produce 
an electric current. How do you account for this? 

7. Why will radio tubes burn out if they are connected to the 
“B” battery? 

8. Why is a cardboard cover put on dry cells? 

9. Make a list of as many materials as you can which will con- 
duct electricity; which will not conduct electricity. 

10. Why does an electric motor run faster if more current is sent 
through it? 

11. Compare the advantages and disadvantages of the dynamo 
and the cell as sources of electricity. 

12. In what different ways can the power of a motor be trans- 
mitted to run machinery? 

13. How is the speed of an electric fan controlled? 

14. Make a drawing to show your idea of how a water turbine is 
used to run a dynamo. 

15. What are three different ways by which the speed of a motor 
may be changed? 

16. Visit the electric-light plant or other power plant in your city. 
Report to the class on your trip. 

17. What is the voltage of your automobile battery? How can 
you tell? 

18. Get an old storage battery and examine its construction. 


UNIT XV 
LIGHTING OUR BUILDINGS AND STREETS 


PRELIMINARY EXERCISES 


1. Name as many ways of lighting buildings as you can. 

2. Explain why light comes from a fire. How does an electric- 
light bulb produce light? 

3. How did primitive people light their buildings? 

4. In writing it is customary to have light come from the left. 
Why? 

5. If you were asked whether or not a certain room is well lighted, 
what points would you consider in giving your answer? 

6. What advantages has electric light over other kinds? 

7. Why are mantles used with gas lights? 


THE STORY OF UNIT XV 


Proper lighting of our buildings and streets makes them not 
only more attractive but also more healthful places in which to 
live. When man began to use glass for windows, which allowed 
the sunshine to enter buildings during the day, and to invent 
devices to light his buildings and streets at night, he greatly 
changed his way of living. Imagine what the inside of build- 
ings would be without glass and artificial methods of lighting! 

The earliest methods of artificial lighting were the open fires 
outside the shelters of primitive people. As you have learned 
(see page 259), the open fire was also used inside the shelters. 
Later, animal fat was burned in open vessels. Wicks of various 
kinds were placed in the fat and ignited, providing a poor light 
which smoked and gave off unpleasant odors. Sometimes the 
crude wicks were simply stuck into a piece of animal fat, such 
as whale blubber or candle-fish fat. In time man learned to 
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make candles of the animal fat and also to make a lamp by 
putting oil in a vessel and placing a crude wick in the oil (Figure 
406). Hundreds of years later candles were made of paraffin. 
Some early lighting devices are shown in 
Figure 407. Figure 409 illustrates various 
forms of present-day gas and electric 
lights. The first practical use of gas for 
lighting a building was made by an 
Englishman, Murdock, in 1792. With the 
discovery of ways to separate crude 
petroleum into different fuels, kerosene 
came into use in lamps about 1860. In 
1879 Edison gave us the first electric 
divka teen ins bulb, or incandescent light (Figure 408), 
‘At the right of the though an electric are lamp which worked 
bowl you can see the much like the one in Figure 422, page 431, 
rude wick which dip- . 5 ees 
ped into the fat or oil, WS In use as early as 1862. It is interest- 
ing to note that all the modern ways of 
lighting our Satine: and streets have been invented and 
perfected during the last one hundred and twenty-five years. 
The sun furnishes us with light during the day. At night 


Fig. 407. From Torch to Kerosene Lamp 


It required many many years for man to improve his methods of 
lighting by inventing these different devices. 


various devices allwminate our buildings and streets with arti- 
ficial light. In every case these devices involve the use of some 
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hot body which gives us light. It may be the glowing carbon 
particles in the flame of a candle, of a kerosene lamp, or of 


a burning gas jet, the hot glowing mantle 
of a gas light, or the hot filament of an 
electric-light bulb. 

Wherever and whenever material is 
extremely hot, it sends out light in all 
directions. You see an object, not because 
light goes from your eyes to the object, 
but because light comes from the object 
to your eyes. Light is a form of energy 
and may be produced in different ways. 
Meteors give off light as “shooting stars”’ 
when the friction of the air heats them; 
a piece of metal held in a fire gives hight 
when it is heated by the chemical action 
in the fire; a filament or wire glows when 
the electricity which passes through it heats 
it; burning gas heats the gas mantle, and 
light results. It is evident that light is a 
form of energy which may be produced by 


Edison Lamp Works 


Fig. 408. Edison’s 
First Electric Light 
The filament was 
very large. The lamp 
looks much like our 
lamps of today. 


transforming some other kind of energy. (See page 340.) 


yyy 
Inverted 


Acetylene 
E3 GasJet 


Gas Mantle 


Trosted Globe : 
Wrgslen 
Filament ( 
/ 2. 


Electric 


amps 


Fig. 409. Modern Lighting Devices 
Devices like these are used today. The most modern source of 


light is the electric bulb with a tungsten filament. 


You already know some of the characteristics of light energy. 
Among the properties of light are the following: light travels in 


if 


one 


hap 
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straight lines (Figure 410); light moves out from the source in 
all directions until it strikes something through which it cannot 
pass; the nearer you are to the source of light, the brighter the 

| light shines; light readily 


les ame oe |= passes through transparent 
materials like glass or air (see 


Fig. 410. Light Travels in page 41); some materials, like 

Straight Lines tissue paper, oiled paper, and 

Unless the holes in the card- frosted glass, called translucent 
boards are on a straight line, the eye Ao : 

cannot see the light, Try it. materials, allow some light to 


come through them but not 
enough to enable you to see through them; light cannot 
pass through opaque materials, like wood, metals, or rocks. 
Through a study of these properties man has been able to 
improve his methods of lighting. He has learned that one source 
of light may be better than another, and he can select the 
proper source for a given purpose. Frosted windows or shades 
can be used to give a “‘soft”’ even light instead of a “‘hard”’ direct 
light. Light-colored walls may be used to brighten a room 
which receives but little light. The intensity or brightness of 
light can be measured, and lamps of the proper power can be 
selected. The most economical sources of light may be used! 
These are but a few of the great number of facts which most 
of us know. Why these are facts and how scientists have 
proved them, will furnish you with many interesting problems 
about light energy and the use you make of it every day of 
your life. 


PROBLEM 1: HOW IS LIGHT FROM THE SUN 
USED FOR ILLUMINATION? 


The sun is our best source of light. This form of energy 
comes from the sun to the earth, across the 93,000,000 miles of 
space at the rate of 186,000 miles per second, requiring only 
about eight minutes for the entire journey. So great is the 
amount of light sent out by the sun that even at this great 
distance the direct rays are so bright that they injure our eyes. 
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If this light came directly into our rooms through windows in 
the ceiling or in the roof, it would be not only unpleasant but 

_ injurious to the eye. To avoid the direct light and to make it 
possible to see out of our build- 

, ings, windows are placed in the 
sides of buildings. Thus most 
of the light which enters comes 34 
from the sky, but not directly (Ze =——=]———_J 
from the sun. aes 

Sunlight is reflected by the h 
atmosphere. As the sun’s rays Fig. 411. How Light Is Reflected 
come into the-atmosphere, they 
strike innumerable small particles of air, water vapor, and dust. 


BASE LINE 


/ ofpernent 93: What happens when sunlight strikes dust 
mA > particles? 

P Allow a beam of sunlight to enter a darkened room through a 
hole in a curtain or through a \mall opening between the curtain and 
the window frame. Fill the space through which the beam passes 
with chalk dust by clapping together two blackboard erasers. Is 
the beam of light visible now? Why? 


The experiment helps you to understand how the sun’s rays 
light the sky. The rays are reflected from the air, dust, and 
water-vapor particles and then come to the earth. 

Let us see by an experiment how light is reflected. 


Experiment 94: How is light reflected? 


(a) Draw a line across the middle of a piece of paper and stand 
a mirror on this line, called the base line. Stick a pin in the paper 
a few inches in front of and to the right of the middle of the mirror. 
Close one eye and move the head until the open eye is level with the 
table and in front of the left edge of the mirror. Look at the image 
of the pin in the mirror. Place a mark on the base line at the point 
where you see the image in the mirror. Stick a pin a few inches in 
front of the mirror on the line along which you are sighting, as in 
Figure 411. Remove the mirror and draw a line from each pin to 


418 LIGHTING OUR BUILDINGS AND STREETS 


the point which you made on the base line. These lines form two 
angles (A and B) with the base line. How do these angles compare 
in size? (If you know how to use a protractor, measure the number 
of degrees in the angles and compare them.) 

(b) Repeat the experiment, changing the position of the first pin. 


The light from the first pin goes to the mirror and is reflected 
to the eye. The angle between the ray of light which strikes the 
mirror and the mirror itself is called the angle of incidence 
(angle A, Figure 411). The angle between the reflected ray 
and the mirror is called the angle of reflection (angle B). From 
the experiment, how does the angle of incidence compare in 
size with the angle of reflection? ; 

Not all surfaces reflect light as well as a mirror does. The 
kind of surface which the light strikes determines the amount 
of light which is reflected. 


Experiment 95: How does the surface of a material affect 
the reflected light? 

Hold a piece of heavy plate glass or a shiny metal surface in 
such position that the direct rays of sunlight strike it and then come 
to your eye. The reflected light is so bright that you should look 
at it for only an instant. Now use a piece of frosted glass or a piece 
of white rough paper instead of the smooth glass, and repeat the 
experiment. In which case is the reflected light more “blinding’’? 
In which case does it seem to be more evenly distributed? 


Diffused light is soft light. You are now ready to understand 
why the light from the sky is less bright and glaring than the 
direct sunlight. The rays from the sun come to the atmosphere 
along parallel lines. Some come directly through the air to the 
earth. Others strike the small particles of air, dust, and water 
vapor and are reflected. But the surfaces of the particles are 
so irregular and turned in so many different directions that the 
rays strike them at different angles. Since the angle of inci- 
dence equals the angle of reflection for every surface, the 
reflected rays come from the particles in many directions and 
mix together, or diffuse (Figure 412). This diffused light is 
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“soft,” because the rays are mixed up, while the parallel rays 
from the sun are “hard” and blinding. 

It is largely the reflected light from the sky that we depend 
upon for the natural lighting of our buildings. Coming through 
the transparent or translucent win- 
dow, it strikes various parts of the 
room and is again reflected and 
diffused, making it still softer and 
more pleasing to the eye. If it 
were not for the dust particles, the 
sky would be dark except in the 
direction: of the sun, and we should 
find it necessary to have our win- 
‘dows in the ceiling, so that the sun- 
light could come into our rooms and Fig. 412. 
then be reflected from the floors Diffusion of Tight Rays 
and walls. In such case our rooms ere) Rights ae 
would be unbearably warm in the diffused in this way, you can 
summer, because the radiant energy magine how thoroughly mil- 
from the sun would come directly peat a race 
into them and there be changed to aie 
heat instead of being partly changed to heat when it strikes 
the dust particles in the air. 

Several factors determine proper lighting. The amount of 
light which enters our rooms depends largely upon the window 
space and the kind of glass used in the windows. In order to 
provide the proper amount of light, it is generally agreed that 
the window space should be at least from one-sixth to one-fourth 
of the floor space. If it is one-fourth or more, a room may 
receive enough light even on a cloudy day. 

The amount of light which enters a room is not the only factor 
to bear in mind in correct lighting. The color of the ceiling, the 
walls, the woodwork, and the furnishings has much to do with 
proper lighting. Dark-colored materials, as you already know, 
absorb much light, while light-colored materials reflect light. 
The window space and the kind of glass in the window may be 
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correctly planned for a room, and yet the interior may be so 
dark-colored that much light is absorbed. Figure 413 shows 
two rooms with the same window space but with walls and fur- 
nishings of different colors. 
If the ceiling and walls are 
light-colored, there is great 
reflection, which produces 
an even, soft, agreeable hight 
in the room. On the other 
hand, a dark-colored inte- 
rior receiving the same light 
may absorb so much that 
the room is very poorly 


: illuminated. 
Courtesy Illuminating Engineering Society 


: on The position of the win- 
Fig. 413. Two Rooms Receiving the : 
Same Amount of Light dows is another factor to be 


Light-colored walls should be used considered. Whenever pos- 
in a room which has little window gible they should reach to 
shares Whys the ceiling. The higher the 
windows are the greater is the amount of light which is reflected 
from the ceiling. If the ceiling is light-colored, much light can 
be reflected from it, and the hght then comes from above, prop- 
erly diffused. Diffused light from above is the most desirable 
kind; it is nature’s method of lighting, and our eyes are best 
adapted to it, for nearly all outside light comes from above. 

Since the window space, the kind of glass, the color of the 
interior, and the position of the windows in a building are 
usually such that a room receives proper lighting on cloudy days, 
awnings, curtains, and shades are commonly used to regulate 
the light on bright days, as well as to keep out the direct rays 
of the sun. Usually the curtains and shades are made of trans- 
lucent materials. Since these materials diffuse the light, they 
prevent the unpleasant and harmful reflections from direct 
sunlight. However, it should always be borne in mind that 
curtains and shades if not properly arranged may interfere 
with proper ventilation. 


Se 
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The direction from which the light comes is still another 
important thing to consider. As you have learned, light from 
above is most desirable, but usually we must get much light 
from the side. In general, 
for writing light from the 
left is best because the 
shadow of the hand is thus 
avoided. It should come 
from as high above our 
work as possible, however, 
to eliminate reflections. It 


should not come from the 
source in such a way that Fig. 414. Good and Bad Positions for 
Study 


it is reflected from the : 

ea ; Which of the students has taken 
page directly to our eyes the best study position? Why? 
(Figure 414). In factories, 
shops, laboratories, and stores where it is impossible to arrange 
materials so that they may be well lighted from one side, 
the sky-light method is always best. Saw-toothed roofs with 
windows facing north give the most satisfactory illumination, 
because the light from the north sky is thoroughly diffused 
and therefore “even” and “soft.” 


Exercise 1. Examine your living-room at home and write a report 
on “The Lighting of Our Living-Room,” including such points as the 
following: 

1. Relation of window space to floor space. 

2. Position of windows and direction of light. 

3. Color of ceiling, walls, and furnishings. 

4. Regulation of light. 

5. Suggestions for improvement. 


Exercise 2. Is your schoolroom properly lighted? Explain your 
answer. 

Exercise 3. Which of the three persons in Figure 414 is using the 
light correctly? How could the position of the lamp or of the students 
be so changed that each student would receive the proper lighting 


.on his work? 
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PROBLEM 2: HOW DO GAS LIGHTS FURNISH 
ARTIFICIAL LIGHT? 


Before he discovered how to use electricity, man obtained 
his light from fire. Various kinds of candles, lamps, and gas 
burners were employed. All of these gave light when certain 
materials in the flame were heated until they glowed, or became 
incandescent. Since every flame contains burning gas, you may 
think of gas light as including candles, kerosene lamps, gasoline 
lamps, acetylene lamps, natural-gas burners, and artificial-gas 
burners. All gas light is produced in a similar way. There is 
always some solid material in the flame which is heated to incan- 
descence. (See Experiment 56, page 239.) Our problem here, 
then, will be to understand how kerosene, gasoline, natural and 
artificial gas, and acetylene, the most common fue'!s for light- 
ing purposes, produce flame and light in the simple devices of 
everyday use. 

Kerosene is used for lighting. Those of you who have lived 
or visited in the country have often seen the common kerosene 
lamp shown at the right in Figure 407. The wick extends into 
the bowl. The kerosene, or coal oil as it is often called, rises 
to the top of the wick by capillarity; that is, by being attracted 
upward through the fine, thread-like openings between the 
fibers in the wick. When the lamp is lighted, the kerosene 
at the top of the wick changes to a gas, or vapor, and combines 
with the oxygen. Kerosene continues to rise in the wick so 
long as the lamp burns. As the wick slowly burns away, it 
is turned up by means of the screw at the right of the burner. 

Kerosene is a hydrocarbon compound; that is, it is composed 
of hydrogen and carbon. Since the flame does not receive 
enough oxygen and also since the temperature is not hot 
enough to burn all of the carbon of the compound, some carbon 
escapes burning and rises through the flame, where it is heated 
to incandescence. The hydrogen burns, forming water. If 
the wick is properly trimmed, if it is not turned too high, and if 
the air holes at the bottom of the burner part are kept open by 
proper cleaning, most of the carbon is burned before it escapes 
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from the top of the flame. In such case there is little smoke. 
The products of burning are, then, water and carbon dioxide. 

The more modern form of kerosene lamp is shown in Figure 
415. This is often called the circular-wick kerosene lamp, 
because the wick is circular and extends all the way around the 
burner. Sometimes this lamp is called 
the center-draft kerosene lamp. 


Exercise 4. If the kerosene lamp in Figure 
415 smokes, what may be done to stop the 
smoking? 

Exercise 5. Examine Figure 415 and ex- 
plain: (a) how the wick is adjusted; (b) how 
the flame gets air; (c) how the flame gets kero- 
sene vapor; (d) why the chimney is used over 
the flame; (e) why this lamp gives more light 
than the kerosene lamp in Iigure 407. 


Gas is used in many regions. ‘Two 
kinds of gas are used for lighting in various 
parts of our country. In certain regions 
natural gas is obtained from wells similar 
to the petroleum wells described on page aes roe 
248. Where natural gas is not available, Be thot of Sana 
artificial gas is manufactured from soft of frosted glass this 
coal. (See page 246.) These two kinds oy oa wie 
of gas are commonly used where elec- 
tricity cannot be produced or obtained at low cost. 

Two kinds of burners, the open flame and the burner fitted 
with a mantle, are the means employed for producing gas light. 
The open flame is often nothing more than a flame at the end 
of the pipe. A valve is turned to allow the gas to escape, 
and the gas is lighted. The gas is composed largely of compounds 
of two elements, hydrogen and carbon. The hydrogen burns 
with a colorless flame, but some of the carbon particles become 
heated and glow, causing a luminous flame. Sometimes a fish- 
tail flame-spreader, or ‘‘lava-tip” is placed in the end of the 
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gas pipe, as shown in Figure 416. The fish-tail burner spreads 
the flame so that it gives more light, and a frosted-glass shade 


To Gas Supply 


may be placed over the flame 
to diffuse the light and make 


wim) Lava Tip : : 
“medi Screw it more pleasing. The open 
Screw adjusts : : : 
ce oes flow flames give unsatisfactory illu- 
of gas f : 
supply Se Pr mination, and are also objec- 
tionable because they smoke 
Lt the walls and ceilings of 
. ean houses. 
tae A great improvement on 
—, Cylinder the open flame is the burner 
Globe fitted with a mantle. The 
burner is much like the Bun- 
Chains open 3 
and sen burner which you know 
close valve . 
: from Unit ge 215. 
Fig. 416. Types of Gas Lamps it VIII, page 215 


It is attached to the end of 


the gas pipe. The amount of air entering at the base can be 


regulated so that all of the carbon is 
burned, and thus a very hot blue flame 
may be produced. Over this blue flame 
is the cup- or thimble-shaped mantle 
(Figure 416) composed of a meshwork of 
the white oxides of two rare metals, 
cerium and thorium. When the mantle 
is heated, it becomes incandescent and 
gives off a very bright white light. 
Gasoline lamps are of two kinds. A 
portable gasoline lamp in quite common 
use is shown in Figure 417. The gasoline 
is contained in the tank at the top. When 
the lamp is to be lighted, the flame of a 
small aleohol lamp or the flame of a small 
ball of asbestos wool soaked in alcohol 


Fig. 417. A Portable 
Gasoline Lamp 
Often one sees lamps 
of this type fitted with 
fish-tail burners. 


is brought under the gas vaporizer, heating it until it is quite 


hot. 


(This is sometimes done by opening the valve and 
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allowing a little gasoline to flow out of the tube into a small 
boat-shaped metal vessel directly under the vaporizing tube, 


then closing the valve and lighting the gaso- 
line.) When the vaporizing tube is hot and 
the gasoline in it has been changed to a gas, 
the valve is opened slightly. This allows a 
fresh supply of gasoline gas to enter the 
carrying air with it 
(Figure 417), and the mixture passes to the 


large mixing tube, 


- “HANDLE 


AIR AND 
GASOLINE 

427 VAPOR MIX- 
> ING TUBES 


VALVE FOR 
FILLING AND 
FOR AIR PUMP 


Gans i E veal ) 


Fig. 419. Construction of the 
Pressure Lamp 


What step in the operation 
of the lamp is being taken in 
this figure? 


burner, where 
it is lighted. 
The mixture of 
gas and = aur 
passes through 
a wire screen 
or gauze over 
the top of the 


Fig. 418. A Pressure 
Gasoline Lamp 


burner and See Figure 419 for 

burns with a the construction of 
; this lamp. 

hot bluish 


flame. The hot gases of the flame 
passing upward keep the vapori- 
zing tube ey the proper tempera- 
ture i. Grize the gasoline as it 
is need. The flame gives but 
little light because there are in 
it few solid particles of carbon, 
the gas being almost completely 
burned by the large amount of air 
admitted. A mantle makes the 
flame light-giving, or luminous. 

A second form of gasoline lamp 
(Figures 418 and 419) has the 
gasoline tank at the bottom. To 


operate this lamp, air is first pumped into the space above the 
gasoline, through a valve at the top of the reservoir (Figure 419), 
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by means of an ordinary bicycle pump. The vaporizing tube 
is then heated as in the case of the previously described lamp, 
the thumb-screw is turned, opening the valve, and the gas is 
lighted at the mantle, which in this form of portable lamp 
usually hangs downward. The only 
essential difference between this lamp 
and the former one is the method of 
supplying gasoline to the vaporizing 
tube. .Here compressed air is used to 
force the fuel to the vaporizing tube, 
while in the former, where the reser- 
voir was above the flame, gravity 
does the work. 

For lighting entire buildings where 
‘many lamps are required, a gasoline- 
gas machine is used. This is much 
like the portable lamp last discussed. 

It consists of a reservoir, tubes lead- 

: pogiviene ane ing to different rooms or different 

See Figure 421 for the 
construction of the lamp. parts of the same room, and a num- 

ber of lamps quite similar to the one 

last described. To avoid danger of fire and explosion the reser- 
voir is often placed in a small building some distance from the 
building to be lighted. Jer very large lighting plants a blower 
is used to force air into’ the reservoir. The gasoline is forced 
out through a pipe and is vaporized and mixed with air before 
it reaches the lamp. 


Fig. 420. A Bicycle 


Exercise 6. Recalling your study of the Bunsen burner (page 215), 
explain why the air must be carefully regulated in a gasoline-gas 
lamp to obtain the best light from the mantle. 


Acetylene gas does not require a mantle. Acetylene gas 
furnishes a very bright white light, more nearly like sunlight 
than that of any other gas. It is made by the action of water 
on calcium carbide. One of the simplest devices which uses 
acetylene is the bicycle lamp (Figures 420 and 421). Water is 
allowed to drop from the reservoir upon the calcium carbide in 


c 


‘ 
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the generator. The wick prevents the water from flowing too 
rapidly. The acetylene produced by the chemical action of 
the water and the calcium carbide escapes through the burner 
at the top, mixes with air, and burns with an intense white 
flame. The pressure of the gas in the reservoir forces the gas 
out of the tube at a considerable 
speed. The amount of water neces- Sue all 
sary can be regulated by a valve. ~ 
A knowledge of the operation of 7 
the bicycle lamp makes it easy to - 
understand how acetylene can be 
used for lighting buildings. The gas ™%*}p 
may be supplied to the burners from 
large tanks containing compressed 
acetylene, or by devices similar to Figvaziedeonstactnaices 
the generator of the bicycle lamp. Bicycle Acetylene Lamp 


Exercise 7. What is the purpose of ie rays os nee ee 
the tube leading from the water reser- 2° Name strike the retlec- 
; : tor and then pass through 
voir to the generator (Figure 421)? theilens to che readmead: 
Exercise 8. When a bicycle is ridden 
over a rough road, the flame of the bicycle lamp often increases in 
size until it comes out of the top of the lamp. Explain. 


CALCIUM 
CARBIDE 


PROBLEM psa DOES ELECTRICITY GIVE LIGHT? 


Electric light has become the modern source of illumination 
where a sufficient current of electricity is available. Windmills, 
water wheels or tubines, steam engines, and gas engines run 
dynamos for furnishing electric current to light our buildings 
and streets directly, or to charge storage batteries from which 
the electric current may be obtained when needed. 

Electricity produces heat and light. Since the electricity 
obtained from dynamos is the same as that generated by cells, 
you can use the electric current from cells to find out how 
electricity causes heat and light. You know that certain 
materials, called conductors, carry the electric current, and 
that some of these conductors, like the wires in an electric 
bulb, become very hot when the current passes through them. 
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Experiment 96: Are all conductors heated equally by an 
electric current? 

(a) Attach an insulated copper wire one foot long (No. 22 to 
No. 16) to the electrodes of a dry cell. Feel the wire. Does it 
change its temperature? (If a storage battery is available, repeat 
the experiment, using the battery instead of the dry cell.) 

(b) Repeat the experiment, using the dry cell and a piece of No. 30 
insulated copper wire one foot long. Is the wire heated by the current? 

(c) If different sizes of iron wire are available, repeat the experi- 
ment, using iron wire of the same sizes as the copper wires. Note 
that the iron wires are heated much more than the copper wires. 

If you try many different conductors in this way, you find 
that some materials are heated much more than others and that 
a wire of smaller diameter always becomes hotter than a large 
wire of the same material. Also, if you use the storage battery 
or several cells to produce a strong current, you find that the 
temperature of a conductor depends upon the amount of cur- 
rent which flows through the wire. 

No material is a perfect conductor of electricity; all offer 
some resistance to the current. This electrical resistance, much 
like friction, transforms some of the electric energy into heat. 
When the resistance is great, a considerable part of the electric 
energy is changed to heat, and the conductor becomes hot. 
Table XIV shows how some common materials vary in their 
resistance to the electric current. In this table it is understood 
that the materials are of the same diameter and length and 
that the same voltage is used to send the current through them. 


TaBLe XIV: Resistance or Common MatTpriALs 
COMPARED TO SILVER 


DILVeRe Ae Rarete eee 1.00 German Silver*....... 14.20 
Copper cata ue aon Ui IWiercUinyjanee cn ocr eee 63.00 
Alimininieeesra crore 1.94 “unos ben eens eae neers 2.35 
Tron (SOfU) Rear reer OO Mamoaminieen. ee nee 1.91 
Platinunieeeeee te 7.20 Constantinjecs. 4 eee 2.30 


*Resistance depends upon composition of the alloy. 
tAlloys used in making wires for electric heaters. 
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Exercise 9. From Table XIV list the materials in the order of 
their ability to conduct an electric current, starting with silver. 


When wires or other conductors become hot enough, they 
send out light. If the conductor is heated to a very high 
temperature, the light produced is nearly white. At such 
high temperatures most materials burn; so it is necessary to 
place the conductor in a bulb which contains no oxygen. 

Edison made the first electric-light bulb. Thomas Edison 
about fifty years ago became interested in this problem of 
electric lighting, and after many years of careful study invented 
the electric, or incandescent, bulb. His scientific genius led him 
to see that the problem could be solved by the use of a filament, 
or thread, made of a material which would not easily melt or 
vaporize when heated by an electric current. He also found it 
necessary to keep air away from the filament so that it would not 
burn. With this idea in mind he sought to make a very small 
thread of carbon and to place it in a container from which the 
air could be exhausted. By making carbon filaments from 
various materials like cotton and bamboo, placing them inside 
bulbs and removing the air, and connecting the filaments with 
a source of electricity, he succeeded in perfecting an electric- 
light bulb which gave satisfactory illumination (Figure 409). 
It was in 1880 that this wonderful invention was made. 

Tungsten filaments are now used. Many improvements 
on this crude light have been made by Edison and other 
scientists. Today the much more efficient tungsten-filament 
lights are rapidly displacing those with carbon filaments. 


Experiment 97: How is the electric bulb constructed? 


(a) Examine an electric-light bulb and the socket to see how the 
electricity enters and passes through the bulb. 

(b) Observe how the filament is attached to the wires which lead 
through the glass to the outside connections. How is the filament 
suspended to make it spread over considerable space? Whyis this done? 

(c) Compare the construction of a carbon-filament light and a 


tungsten light. 
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(d) Take a “burned out” carbon-filament bulb, place it under 
water, and break off the tip of the bulb with a pair of pliers. Why 
does the water enter the bulb? Does it completely fill with water? 
If not, can you guess why it does not? 

(ce) If a “burned out’ nitrogen-filled tungsten-filament bulb is 
available, repeat (d), using it instead of a carbon-filament bulb. Re- 
sult? Can you explain the result? 


The tungsten bulb is superior to the carbon bulb in both the 
amount of light produced and in the color of the light. For these 
reasons the tungsten-filament lamp has largely displaced the 
carbon lamp. It requires only about one-fourth as much elec- 
tricity to produce the same amount of light, gives a whiter light, 
and does not ‘‘burn out” so quickly, although it is more easily 
broken. Such lights were made possible when scientists learned 
how to draw the metal tungsten into very fine wires. 

In recent years the tungsten bulbs have been filled with gases 
like nitrogen and argon which will not combine with the fila- 
ment. The air is first removed from the bulb as completely as 
possible, and the nitrogen or argon is then introduced and the 
bulb is sealed. The presence of these gases allows the filaments 
to be heated to a higher temperature than is possible in vacuum 
bulbs without vaporizing the metal. This increases the light- 
giving qualities of the filament. While the vacuum tungsten 
bulb gives about four times as much light as the carbon bulb 
for the same cost of electricity, the gas-filled tungsten bulb 
gives about eight times as much. 

The arc lamp is very efficient. Another form of electric 
light, formerly much used for street lighting and now often 
seen in stereopticons and motion-picture machines, is the 
electric arc lamp. This lamp. consists of a mechanism for hold- 
ing two carbon rods, or electrodes, connected with the ordi- 
nary lighting current (Figure 422). If the rods are brought 
into contact, end to end, the ends become very hot. If they 
are separated by from one-fourth to one-half inch, the current 
continues to flow across the gap between the rods, conducted 
by a stream of carbon vapor. This incandescent vapor. is 
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called the electric arc. The position of the rods can be adjusted 
by hand or controlled automatically. Sometimes the carbon rods 
have cores made of different light-giving 
materials, which vaporize and produce 
what is known as the flaming arc. The 
ordinary carbon-rod are gives about as 
much light for the same current of elec- 
tricity as the vacuum tungsten lamp. 
The flaming are lamp is much more 
efficient, often giving nearly twice as 
much light for the same electrical energy 
as the gas-filled tungsten lamp. 
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Exercise 10. Explain why some electric 
bulbs cause a loud report like an explosion 
when they break. 

Exercise 11. Whydo electric toasters and Fie 422. A Modern 
electric irons give heat but little ight? How Electric Arc Lamp 
are they constructed? What would happen The arc forms between 
‘ Get the upper and lower elec- 
if a very strong current of electricity were trodes h Wienke anette 
sent through the toaster? is closed, the reflector at 

Exercise 12. Enumerate the advantages the bottom reflects the 


hte Ne hrough 
of electric light. over other forms of artificial 5 ee Uhronghithe 
light. 


PROBLEM 4: HOW ARE BUILDINGS WIRED FOR 
ELECTRIC LIGHTING? 


Since the electric current for practical lighting comes from 
powerful dynamos or large storage batteries, we must exercise 
care in protecting ourselves from the danger of severe shocks, 
and our buildings from the danger of fire. On page 253 you found 
a list of the various ways by which electricity may cause de- 
structive fires. You now want to know, also, how the lead-in 
wires, the fuse box, and the electric lamps are connected to 
avoid danger of fire and shock, and to make it possible to have 
light from any bulb in the building by merely turning a switch 
or pressing a button. 
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Buildings must be scientifically wired Figure 423 shows how 
electricity is brought from the power plant to a house. The 
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Fig. 423. An Electric Power Plant 


Water passes from the dam through the penstocks to the turbines in 
the basement of the power house. The turbines turn the dynamos in the 
dynamo room above. The dynamos send the current to the step-up 
transformers, which increase the voltage of the current. This high voltage 
is carried by transmission lines for many miles to local power stations, 
where the voltage is reduced before the current goes to the residences. 


voltage of the current from the generator which 
supplies the electrical energy must be changed to 
the proper voltage for the electric lights in the 
house. The E. M. F. of the current which enters 
the building is usually 110 volts. Two heavy 
insulated wires lead to the house, one carrying the 
current into the building and the other aes 
back to the transformer. If the generator gives a 
current with a voltage of 110 volts, no step-down 
transformer is necessary, and the wires leading to 
the building come directly from the generator. In- 
side the wall where the wires enter the house (Fig- 


me : : a Fig. 424. 
ure 425) is a large switch with two fuses, as shown 4 Switch and 


in Figure 424, which are encased in an asbestos- Fuse 
lined box. From this switch the wires lead through the meter 
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and then to a second fuse box and switch. If the building is 
large enough, several wires lead from each pole of the second 
switch, and different pairs of these wires, one wire from each 
pole of the switch, go to the branch fuse boxes located in dif- 
ferent parts of the building. From each of these fuse boxes two 
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Fig. 425. Electric Wiring of a Small House 
The lights in the basement are connected in series with the basement 
switch. The lights on the first floor and in the attic are connected in par- 
allel. The letters in parentheses indicate wall switches. See Figure 423 


for connections of service lines. 


wires lead to the different rooms where the lights and small wall 
switches are connected to make the circuit complete. 

All wires inside the building are usually placed inside iron 
pipes, or conduits, to prevent short-circuits. With such con- 
duits for the wires, the proper construction of fuse boxes, and 
the use of proper fuses there is little danger of fire. If a short- 
circuit is made in any way on any part of the line, the fuse 
wires, being made of a metal which melts at a low temperature, 
immediately melt and break the part of the circuit which they 
control. The fuses in the first box are large, that is, can carry 
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a heavy current, while those in the branch fuse boxes are small. 
A short-circuit in any part of the building will, therefore, 


“burn out” the fuse in the branch box. 


The lights in other 


parts of the building are then not affected. 


Electric lights are usually connected in parallel. 


In the 


wiring of the house (Figure 425), you observe that all but the 
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Fig. 426. Parallel Connection of Lamps 


The electric light bulbs are shown by 
the circles numbered (1), (2), (3), (4), (5), 
(6), and (7). The main wires lead down 
the hall of a building, while the branches 
go to the lamps in the rooms. The wall 
switches are shown at (a), (b), (c), (d), (e), 
and (f). Any lamp can be turned on 
without disturbing the others. 


basement lights are con- 
nected across two lead 
wires, as illustrated in Fig- 
ure 426. This method of 
connecting lamps is called 
connecting in parallel. 
You see that any lamps 
can be turned off without 
breaking the circuit in 
other lamps. 

But there is one fact 
about connecting lamps 
in parallel which you 
should remember; namely, 


that when two or more 
lamps are connected in parallel across the lead wires, they allow 
more current to flow through the line than a single lamp does. 
It works just like putting two or three pipes instead of a single 
pipe between two tanks of water. Therefore, too many lamps 
should not be connected across the lead wires from a branch 
fuse box, because the current strength would then be greater 
than the wire could carry with safety. Fuses are inserted in the 
circuit to eliminate this danger. Usually the fuses in the branch 
boxes will carry 5 or 10 amperes. Since ordinary electric bulbs 
will carry about one-half ampere on a 110 volt circuit, you see 
that 12 such lamps in parallel allow about 6 amperes to flow. 
This is more current than a five-ampere fuse can carry, and it is 
therefore necessary to have fewer lamps on the branch circuit 
or to use a fuse with greater capacity. The former plan is the 
better, because the smaller fuse offers more protection against 
a short-circuit in the line. If a heavier fuse is used, so many 
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electrical devices may be put in the circuit that the current may 
heat the wire enough to burn off the insulation and start a fire. 

The construction of the fuses varies for different uses. In the 
branch fuse boxes screw-plug fuses (Figure 427) are commonly 
used. If an old fuse is available, break it with a hammer and 
find the small wire inside. Hold this in a flame and note how 
easily it melts. For 
the first and second 
fuse boxes, cartridge 
fuses are more com- 
mon. In these a heavy 
wire of low-melting 
alloy is surrounded 
by finely powdered 
marble, clay, or other 


poco busuple see Fig. 427. Types of Fuses in Common Use 

terial. The powdered Numbers 2, 3, 4, 6, and 7 are commonly 
material serves as pro- galled link fuses. They are bare metal bars 
tection against the hot or wires. Numbers 1, 8, 9, and 10 are ecart- 
metal when the fuse ridge fuses. Number 5 is the common screw- 


; kG plug fuse. 
‘burns out,” just as 
the porcelain and isinglass serve in the screw-plug fuse. 


WQe’ZZ~2— 

% 
| os 
| ene 


Z 
mmm 


Exercise 13. Explain all that happens in the line and in the lamps 
when you turn on the switch of an electric light. 

Exercise 14. Why are fuses in the first fuse box of a large building 
made to carry a current of from 30 to 150 or more amperes, while 
those in the branch fuse boxes have a capacity of only 5 or 10 amperes? 

Exercise 15. Why are electric lamps in buildings not connected 
in series? (See page 399.) 


PROBLEM 5: HOW ARE THE POWER AND COST 
OF ARTIFICIAL LIGHT MEASURED? 


Light is measured in candle-power. The amount of light 
which is given off by any source can be measured. Scientists 
have given us a unit for measuring the intensity of light. ‘This 
unit is called the candle-power. It formerly signified the bright- 
ness of the flame of a sperm (whale-oil) candle, seven-eighths 
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of an inch in diameter, burning at the rate of 120 grains, or 
7.77 grams, of sperm an hour. Because it is impossible to 
make candles which give exactly the same amount of light, 
scientists now use electric-light bulbs to measure candle-power. 

By the use of the unit candle-power, it is possible to measure 
the light from the different devices in our homes. A kerosene 
lamp gives from 10 to 15 candle-power, depending upon the 
size and height of the wick; an ordinary flat gas flame gives 
from 15 to 25 candle-power; a gas mantle 
for ordinary gas lighting has a candle- 
power of from 50 to 100; mantles on 
gasoline gas burners usually give from 
100 to 150 candle-power; incandescent 
electric bulbs vary according to the size 
of the bulb, being commonly made in 
such sizes as 4, 8, 16, 32, 60, 100, and 
as high as 1000 candle-power; an electric 
Fig. 428. An Electric ®%¢ may give as many as 1000 to 2000 

Meter eandle-power. The amount of light from 

No electricity has any of the gas lighting appliances depends 
passed through this upon the rate at which the fuel burns. 
meter. AJl hands point é : 
tothe morOnaeries. It is, therefore, not possible to state more 

exactly the candle-power of these sources. 

The power of electric light is measured in watts. In electric 
lights it is more common to state the power of the lamp in watts. 
The watt is the unit for measuring the power of the electricity 
used. One watt of power is produced when a force of one volt 
sends one ampere of current through a wire (volts times amperes 
equals watts). The kind of filament in a bulb determines how 
much light will be given when a certain electrical power is 
used. This means that the relation between watts and candle- 
power depends upon the kind of filament. 

The ordinary carbon-filament lamp requires about 3.1 watts 
per candle-power; the tungsten lamp requires about 1.25 watts 
per candle-power; and the gas-filled tungsten requires only 
about .5 watt per candle-power. These figures are for the 
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ordinary 110-volt lighting cireuit. If you examine an electric 
bulb and find it marked 25 watts (25W) or 50 watts (50W), you 
can know how many candle-power it gives. If it is a 50-watt 
Mazda (gas-filled tungsten) it gives, on a 110-volt circuit, 
50 divided by about .5, or approximately 100 candle-power. 


Exercise 16. What is the candle-power of light given by a 100- 
watt carbon lamp on a 110-volt circuit? 

Exercise 17. An electric bulb (tungsten vacuum bulb) gives a 
candle-power of 80. How many units of electric power does it use? 

Exercise 18. How much current flows through a 60-watt lamp 
connected in a 110-volt circuit? 


Cost of artificial light is easily determined. For illuminating 
gas, the meter measures the volume used, and the cost can be 
determined. (See page 248.) In electric lighting the cost 
depends upon the amount of electric power used, which is 


measured by an electric meter , 
mi ———— 


(Figure 428). As the current is 


used, the hands on the dial are 
turned by small gear wheels in- 
side the meter. The electric- 
meter dials (Figures 430 and 431) 
show the number of kzlowatt- 
hours used between the time of 
two different readings. (A kilo- 
watt-hour means that 1000 watts 
of electrical power have been used 
for one hour.) Since electrical 
power is sold by the kilowatt- 
hour, the cost of lighting a build- 
ing for a certain period is de- 
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Fig. 429. Relative Costs of Vari- 
ous Methods of Lighting 
The lengths of the lines show 
the relative costs of the same 
amount of light from the different 
sources. 


° 


termined by reading the meter at the beginning and end of 
that period and multiplying the difference by the cost per 
kilowatt-hour. Figure 429 gives you some idea of the rela- 
tive cost of candle light as compared with other more modern 
sources of light. 
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Exercise 19. From Figures 430 and 431 find how many kilowatt- 
hours were used during the interval between the two readings. Find 
the cost of electricity per kilowatt-hour in your community and 
determine what the bill for electricity would be. 


PROBLEM 6: HOW IS ARTIFICIAL LIGHT REGULATED 
IN OUR BUILDINGS? 

Your eyes are delicate mechanisms and need to be considered 
in lighting. (See page 166.) All lighting in buildings, whether 
natural or artificial, 
should be regulated 
to provide the least 
strain on the eyes 
and to allow you to 
see any object clear- 
ly. The amount 
Fig. 430. One Reading of the Meter of hght, the color 


The hands left to right turn in opposite of the light, the di- 
directions. For one turn of the hand at the left, yeetion from which 
the one to its right makes 10 turns, the third hand Kb 
makes 100 turns, and the fourth makes 1000 the hght comes to 
turns. The reading is 944 kilowatt-hours. the eye, and the 


method of lighting 
are four very important things that must be considered in 
regulating light so that it will be most pleasing. 

Intensity of light 
depends on distance 
from source. The 
amount of light 
received from any 
source depends, as 
you know, upon the 
brightness or inten- Fig. 431. A Later Reading of the Meter 


sity of the source Compare this with Figure 430. The hand 
at the left shows between six and seven thousand 
kilowatt-hours. What is the complete reading? 


KILOWATT HOURS 


KILOWATT HOURS 


and upon the 
distance from the 
source. Evidently, an ordinary electric lamp gives out much 
more light than a candle does because the source is brighter. 
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But if the lamp is far away and the candle is near, the candle 
may give more light or illumination on your table or desk. 

Let us see how the distance from a source determines the 
amount of light which comes from that source. 
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Fig. 432. Intensity of Light 


The intensity of the light becomes less and less as the distance from 
the light increases. 


Experiment 98: How does the distance from a source of light determine 
the illumination which the light gives? 


In a dark room place a candle or electric flash-light one foot from 
a cardboard which has a hole one inch square at the center (Figure 
432). Allow the light to pass through the hole in the first cardboard 
and strike a second cardboard, which is marked off in square inches 
and which is held two feet from the candle. How many square 
inches does the beam of light cover on the second cardboard? Move 
the second cardboard three feet from the candle. How many square 
inches of space are covered by the beam of light? 


From the experiment you learn that a beam of light which 
is one square inch in cross-section at a distance of one foot from 
the source spreads until it covers four square inches at a dis- 
tance of two feet, and nine square inches at a distance of three 
feet from the source. If the same light spreads over more space, 
the illumination must be less. At a distance of two feet the 
space covered by the beam is twice as long and twice as broad, 
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or four times as large as at a distance of one foot. Similarly, at 
a distance of three feet it is three times as long and three times 
as broad, or nine times as large. You see that a light gives only 
one-fourth as much illumination at a distance of two feet as it 
does at a distance of one foot. Similarly, at a distance of three 
feet it gives only one- 
ninth as much as it 
does at one foot from 
the source. 
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Exercise 20. How does 
the illumination at a dis- 
tance of six feet from an 
electric lamp compare 


i & i & 
with the illumination at 


Fig. 433. Three Methods of Lighting a distance ot chet 


At the left is a direct-lighting fixture ; the At a distance of two 
light is reflected downward. In the middle feet? 

is an indirect lighting fixture; the light is eh : 
reflected to the ceiling by the white inner Exercise 21. State a 
surface of the opaque porcelain enamel. At general rule which gives 
the right is a semi-direct fixture; some of the the relation between the 
light goes to the ceiling and some passes 
downward through the frosted glass bowl. 


intensity of light and the 
distance from the source. 


In artificial lighting, as in natural lighting, the amount of 
light in a room is of no greater importance than the softness of 
the light. The correct amount of diffused light is the best 
possible for the eye. It is this which you should always try 
to obtain, especially for reading. But remember that the 
direction from which the light comes is also important. (See 
page 421.) 

Several methods of lighting are employed. Three common 
methods of lighting rooms with electric lights are the direct 
method, the sem2-direct, and the indirect method (Figure 433). 
In the first method the light comes directly from the source to 
the table or place of work. The bulb may be made of frosted 
glass to diffuse the light, or it may be a plain glass bulb. In 
either case the light may be glaring and unpleasant or tiresome 
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to the eye. Little light is wasted in this way, however. Shades 
or reflectors may be used to make the light more intense. 

In the semi-direct method a translucent frosted bowl is placed 
under the lamp. Some of the light passes through the bowl and 
is diffused; some is reflected by the 
bowl to the ceiling and then comes 
back to the room. This combination of 
diffused light and diffused reflected 
light is pleasing to the eye. It tires 
the eye far less than the light received 
by the direct method. 

The system which is being used _. . 

: iva - Fig. 434. A Good Reading 
more and more in modern buildings is Dace 
the indirect method. The bowl under This man is not sub- 
the light is opaque, allowing no light jecting his eyes to the 
to come directly to the lower part of eine ts light- 
the room. It is all reflected to the ‘ 
ceiling and then comes back into the room. The ceiling is of 
such material and color that the light is thoroughly diffused 
and quite white. It is the nearest approach to diffused sun- 
- light and is, therefore, very soft and pleasing to the eye. The 
same effect is produced in many modern buildings by placing 
the lights in recesses around the top of the walls of the room. 
The light is then reflected from the ceiling, no light coming di- 
rectly from the source to the eye or to the lower part of the room. 


Courtesy Edison Lamp Works 


Exercise 22. Which of the three methods of lighting just described 
do you consider most economical from a financial standpoint? From a 
hygienic standpoint? Give your reasons. 

Exercise 23. In writing at.a table at night where would you place 
a portable reading lamp to get the most pleasing and least tiresome 
light? Make a rough drawing to illustrate your answer. 

Exercise 24. Explain why the man in Figure 434 has taken a good 
position for reading. 


Good illumination in a factory or workshop is quite as im- 
portant as good illumination in the home or school. This is 
especially true in large factories where many men are employed. 
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Exercise 25. From your study of this unit state under each of the 
following effects of good lighting in a factory the reasons for these 
effects: (a) fewer accidents, (b) better quality of manufactured goods, 
(c) greater order and neatness, (d) lower cost of manufacture, (e) bet- 
ter health of the workmen. 

Review Exercise on Unit XV. (a) Turn back to the Preliminary 
Exercises and mark those which you answered incorrectly or failed 
to answer. Answer them at the end of your original answers. 

»(b) Turn to the Table of Contents of Unit XV and see if you can 
give satisfactory answers to each of the problems in this unit. If 
you cannot do so, study the text until you can. 


ADDITIONAL EXERCISES AND PROJECTS ON UNIT XV 


1. Name as many electrical devices as you can which make use 
of copper wire. 

2. People sometimes place a penny or a copper wire back of a 
screw fuse-plug to complete the circuit when the fuse is burned out. 
Why is this a dangerous practice? 

3. If an ammeter is available, connect it in line with three or four 
lamps connected in parallel. By screwing out one lamp at a time 
determine the current which flows through different numbers of 
lamps. If the voltage of the circuit is known, you can determine 
the resistance of the lamps. 

4. Make a plan of an acetylene-gas lighting plant for a country 
home where electricity is not available. 

5. Make a drawing to show why frosted bulbs give a softer light 
than bulbs made of plain glass. Explain your drawing. 

6. Write to the manufacturer of a gasoline lamp or kerosene lamp, 
asking for drawings and descriptive material which explain the opera- 
tion of the lamp. Outline your knowledge gained by examining the 
material you receive, and present it to the class. 

7. Many one-story factories get their light from skylights which 
face the north. Explain the reasons for such construction. 

8. Smoked glass is often used to observe the sun during an eclipse. 
How does such glass protect the eye? 

9. School rooms are usually planned so that the light will enter 
from the left. Why? 

10. In cities the walls of rooms are generally cleaned or refinished 
every year. Explain why this is necessary. 
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PRELIMINARY EXERCISES 


1, How many different ways of sending messages do you know? 
List them. 

2. In your list for Exercise 1 place a check opposite each way 
which depends upon the human voice. 

3. Mention several ways in which each of the following means of 
communication is of use: your voice, signalling by light, newspapers 
and other printed materials, the doorbell, the buzzer, the telegraph, 
the telephone, the wireless telegraph, and the wireless telephone. 

4. Which of the methods mentioned in Exercise 3 do you consider 
the most important to the world in general? Why? 

5. Which of the ways mentioned in Exercise 3 is of the greatest 
value to you? Why? 

6. What materials do you need to make an electric bell work? 

7. What sources of electricity are used to operate devices for 
sending messages? 

8. What is a “code” message? 

9. How does your weather report depend upon communication? 

10. Of what importance is communication to civilization? To our 
national spirit? To business? 
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Communication is the means by which man has learned to 
live with others. Without the ability to speak, write, and read 
little progress could be made. Man would find it necessary to 
live unto himself, for he could not learn from others nor could 
he give his ideas to others. Under such conditions he could not 
hope to understand nature’s forces and materials; neither could 
he give to future generations the results of his thinking. 
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It must have been early in his family life that man sought 


some means of expression. 


Probably the first methods of 


intercourse with family and neighbors were expressions of the 
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From The Slory of the Alphabet. @ Norman 
T. A. Munder and Co. Used by permission. 


Fig. 435. Early Forms of Writing 

Compare letters or signs in the 
first two columns with the Roman 
letters which we use today. You 
will observe that some of our letters 
were not used by the Romans. 
Which ones are missing? 


ing was invented (Figure 436). 


face or noises which showed 
fear, surprise, anger, or other 
emotions. Later he came to 
use his hands and head to make 
signs which carried meaning to 
his companions. Pointing or 
beckoning with the hand was, 
perhaps, one of the earliest 
ways of giving crude directions 
and of conveying thought to 
others. 

Through the many centuries 
there gradually developed va- 
rious other methods of com- 
munication. Man learned to 
use his voice. This resulted 
in a spoken language, which 
was in its early stages un- 
doubtedly little more than 
erunts. During the samé@time 
crude methods of picture- 
writing and of making sym- 
bols for ideas led to a written 
language (Figure 485). In 
time, speaking and writing, as 
we know them today, became 
man’s means of intercourse. 
Thousands of years later print- 

After some centuries of im- 


provement in printing, we have today complicated typesetting 
machines and great printing presses for preparing books, maga- 
zines, and newspapers in an efficient way (Figure 437). From 
the written and printed page man can profit by the recorded 
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knowledge of the past generations, as well as by the knowledge 
of what people of his own time all over the aucnl sre shinkes 
and doing. Progress can be | 
made to the extent that such | i 
intercourse is carried on. | 
Another equally difficult | 
problem had to be solved | 
by man. With the develop-| 
ment of speaking, writing, 
and printing he had to find| 
ways by which his spoken | 
or written ideas could be) 
carried quickly from one! 
place to another, for, by! Z 
this period in the develop- 
ment of communication, towns and villages had been established 
far and wide. The simple methods of using puffs of smoke, 


ig. 436. An Early pees -Press——— 


Underwood and Underwood 
Fig. 437. A Modern Printing Press 


This machine prints and folds 300,000 eight-page newspapers an hour. 
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flashes of light, and other crude ways were no longer practical. 
Runners and riders could carry messages at considerable speed 
to other communities (Figure 438), but these ways were in 
time replaced by more modern methods. The growth of roads, 
railroads, and steamships helped to solve the problem by carry- 
ing the messages, or mail, great distances in a short time. 


Courtesy First National Bank, St. Joseph, Mo. 
Fig. 438. The Pony Express 


The rider is off with the mail for villages or settlements across the plains. 


Even with the development of methods of rapid transporta- 
tion the world demanded still more speedy means of com- 
munication. Newspapers, letters, magazines, and books could 
be transported by road, rail, and water, but the more urgent 
messages of business and of world affairs, and the need for 
spreading news more rapidly required better nvethods of inter- 
course between communities. One force or energy which had not 
been used was electricity. Here was a possibility, and men be- 
gan to seek for and to find ways to use it. 

On May 24, 1844, and on June 7, 1875, two historic messages 
were sent by electricity. The first was the message by telegraph 
from Washington to Baltimore, ‘What hath God wrought?” 
Samuel I’, B. Morse had proved to the public the success of 
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telegraphic communication over a distance of forty miles (Fig- 
ure 439). The second was the telephonic message sent by 


Keystone View Co. 


Fig. 439. Samuel F. B. Morse Fig. 440. Alexander Graham Bell 
and His Telegraph The picture shows Mr. Bell opening 
The smallinstrument operated the first long-distance telephone line 
by the electric current from the between New York and Chicago. This 
sending station made arecord of took place in October, 1892, seven- 
the message on paper tape as it teen years after he invented the tele- 
passed through the recorder. phone. 


Alexander Graham Bell (Figure 440) to his assistant, Thomas 
Watson, ‘““Mr. Watson, please come here; I want you.”’ Morse 
and Bell had made use of the previous electric discoveries of 
many scientists, and had given us two of the greatest inventions 
of the nineteenth century. 

When you include with these two inventions the electric 
buzzer, the electric bell, the ocean cables, and radio, you can 
understand how electric communication has completely changed 
man’s way of living and carrying on his business. The earlier 
means of communication, such as messengers on foot or on 
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horseback, puffs of smoke from hill tops, and even mail for 
important messages, have given way to the current of elec- 
tricity through wires and the waves of wireless. News, warnings 
of forest fires, floods, and frosts, weather forecasts, correct time, 
train dispatches, stock and market reports, distress (SOS) 
calls by ships, greetings, and business messages are but a few of 


Keystone View Co. 
Fig. 441. A Portable Broadcasting Station 
The man at the right is speaking into the microphone of the radio 
sending set, telling thousands of listeners about each play in the World 
Series baseball game between the New York Giants and the Washington 
Senators. 


the many communications for which electricity is used (Figure 
441). How different the activities of our daily life would be 
without these modern methods of sending messages, and how 
little you would know of the great world in which you live! 

In this unit you will study the ways of sending messages by 
electricity. If space permitted, we should consider other im- 
portant methods of communication, such as printing, the mail 
service, and codes of various kinds. These you may read about 
in encyclopedias and in other reference books. They will furnish 
excellent subjects for reading at your leisure. 

Before you begin the study of the problems of this unit, you 
should have a general idea of the different methods of electric 
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communication. All of these are alike in certain respects. There 
are four essential parts in every system of sending messages by 
electricity. First, there must be a source of electric energy, such 
as the cell or dynamo. Second, some means of carrying the 
electric current from one place to another is necessary. This 
may be a set of wires, as in the doorbell or the ordinary tele- 
graph or telephone, or it may be merely space, even a vacu- 
um, as in the wireless or radio. Third, it is necessary to have 
some device for sending the message, such as the push- 
button of the doorbell, the key of the telegraph, the trans- 
mitter or mouthpiece of the telephone, or the microphone 
and transmitting apparatus of the wireless. And fourth, there 
must be some device to receive the message. Thus, a door- 
bell rings when the push-button is pressed; the telegraph 
receiver or sounder reproduces the dots and dashes of the 
sending-key; the telephone receiver reproduces the voice 
or sounds which set up electric currents in the transmitter; 
and the receiving set of the radio picks up the waves sent 
out by the sending station and reproduces the dots and dashes 
of the sending-key or the sounds which are made before the 
microphone or telephone in front of which the speaker or singer 
in the broadcasting station stands. 

To summarize, every system of electric communication 
consists of four essential parts: (1) a source of electric cur- 
rent, (2) material or space for carrying the electric energy, 
(3) a device to send the energy through the line or space, (4) a 
device for receiving the energy and changing it to sound waves. 


PROBLEM 1: HOW ARE MESSAGES SENT OVER WIRES 
BY TELEGRAPH? 


Since the invention of the early telegraph, shown with its 
inventor in Figure 440, many improvements have been made. 
Let us see how the telegraph works. 

In modern telegraphic communication the operator takes the 
message from the click of the sounder. Figure 442 shows the 
instruments and connections necessary for a simple telegraph. 
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When the key is in the circuit with the key switch open, and 
the lever of the key is pressed down, the current from the 
battery comes to one binding post of the key, flows through 
the metal frame to the contact points, and then to the other 
binding post and through the wire to the binding post of the 
sounder. From here it goes around the coil of the horseshoe 
electromagnet and back to the 

Electromagnet f ‘ 
Armature | other binding post, and then 
eS returns to the cell. As the 
current passes through the 
coil, the iron core becomes 
magnetized and draws the 
heavy iron armature, or bar, 
downward until it strikes the 
metal frame, producing a click. 
When the current is broken at 
the key by allowing the lever 
to rise and to separate the con- 

Fig. 442) Asimple Teleeraph tact points, the electromagnet 

The wire from the key goes to Of the sounder loses its mag- 
one binding post of the sounder, netism (see Experiment 84, 
ar the ne of ME page 404), and a spring onthe 
other binding post. sounder forces the armature 

away from the magnet. As it 
moves upward, it strikes the screw above and produces a faint 
click. The time between the downward click and the upward 
click varies as the time during which the contact points of the 
key are in contact. If the interval is short, it is called a dot; if 
long, it is called a dash. These dots and dashes are sent in 
various combinations to represent letters, numbers, and even 
entire words or ideas. Such combinations are known as code, 
and they make up code messages. 

Two systems of code are shown in Table XV. The early code 
used in this country was known as the American Morse Code. 
This is still used by land telegraph stations in our country. 
The International Morse Code, or Continental Code, is used 


he 


Zé 
Zo 
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for land telegraphy in all foreign countries, and by all radio 


stations the world over. 


Note that in the American Morse there 


are spaces between the dots for the letters C, O, R, Y, and 
Z. These spaces make sending and receiving very difficult 
unless the spacing is carefully done at the key by the sender. 
In the other code only dots and dashes are used. This arrange- 
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ment makes the work of the operators easier as well as more 
accurate. 

How a simple telegraph works. The simple telegraph system 
which is used for short distances, and which you can set up with 
commercial or homemade instruments, can be understood 
from Experiment 99. 


_— TT 
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Fig. 443. A One-Wire System 


If the ground is very dry, pour a pail of water on each place where 
the nails are pushed into the soil. Moist earth is a much better con- 
ductor than dry soil. 


Experiment 99: How can a simple telegraph be set up and operated? 


(a) Connect a cell, a sending-key, and a sounder as in Figure 442, 
using two wires to complete the circuit. When you have the proper 
connections, send in code: 
“Attention! This is a double- 
wire system.” 

(b) Take the cell, wire, key, 
sounder, and two long nails 
out in the yard. Set up the 
telegraph, using only one wire 
between the sounder and key 
and using the earth to com- 
plete the circuit, by sticking 
the nails in the earth as in 
Figure 443. Send by code: The key isa strip of brass or iron 
“The eee Nae SRR of to which a cork is fastened. The 

Bis sounder is a bent strip of soft iron. 
electricity,” and “This is a There should be many turns of wire 
one-wire system.” around the nail. 


(Norm: If you do not have 


a commercial key and sounder, make a crude instrument as shown 
in Figure 444.) 


Fig. 444. A Homemade Telegraph 
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The telegraph system between two stations requires a key and 
a sounder in each station. The arrangement for short distances 
is shown in Figure 445. A cell, or battery of cells, furnishes the 
electric current. The switches on the keys are kept closed. 
When an operator at Station A wishes to send a message to B, he 
opens his key switch, sends the call signal to B, and then closes 
his key switch. Station B then opens his switch, signals A to 
send the message, and closes his switch to receive A’s message. 


Exercise 1. Explain why the switches must be opened and closed 
as described in the preceding paragraph. 


STATION A >= STATION B 


3 
3 
s 


Main Line 


Sounder Sounder 


Switch(closed) 


Ground Ground 


Fig. 445. A Telegraph System 


The important instruments are represented by symbols. Compare the 
symbols with the instruments in Figures 442 and 443. 


Experiment 100: How can you set up a telegraph line 
between two stations? 

With two cells, two keys, two sounders, and the necessary wire 
set up a telegraph system between two rooms or between two houses. 
You can use two wires, or one wire and the ground, to complete the 
circuit. Attaching the ground wire to a gas pipe or water pipe will 
serve as a ground or earth connection. 


Relays are necessary in a long-distance set. For long-dis- 
tance communication the simple set which you have just made 
will not work. The resistance of the long wire to the flow of 
electricity is so great that a few cells cannot send enough cur- 
rent to operate the sounder. To overcome this difficulty, the 
relay is used in each station, and the connections are made as in 
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Figure 446. The relay (Figure 447) has an electromagnet made 
with many turns of wire, and an armature which is very easily 
moved. The slightest current will, therefore, cause enough 
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Fig. 446. A Long-Distance Telegraph System 
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There are three electric circuits in such a system. One is the line 
circuit composed of the batteries, keys, the coils of the relays, the line 
between stations, and the earth. The other two are the local circuits in 
the telegraph stations, each composed of the battery, the sounder, the relay 
armature, and the necessary wire. 


magnetism to pull the armature and close the local circuit, 
made up of a cell, asounder, and the relay armature. The battery 


of the local circuit 
Armature 


then operates 
the sounder when- 
ever the local cir- 
cuit is opened and 
closed by the relay 
armature. You can 
now examine the 
figure and see how 
the arrangement 
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Magnet 
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Battery «| |: a <> 

A iad rH Key 
Screw for SE YO SEA Wires to 
Spring cas yo vene 


Fig. 447. A Relay 


works. In Figure 446 the operator at Station A is ready to 


send a message to Station B. How can you tell that this 
is true? 
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Exercise 2. What is the use of each part of a telegraph system? 

Exercise 3. Does the relay strengthen the local circuit? Explain 
your answer. 

Exercise 4.. Why are the wires “grounded” at the local stations? 


PROBLEM 2: HOW DO THE ELECTRIC BELL AND 
ELECTRIC BUZZER WORK? 


The electric bell and buzzer save man many steps. By 
merely pressing a push-button one may ring a bell or sound a 
buzzer, calling for service or announcing one’s presence. A 
single push-button may be used to ring several 
bells, or a single bell may be rung by any one of 
a number of push-buttons located in different 
parts of the building. There are hundreds of 
uses of these simple methods of communication. 

The simplest bell is a single-stroke bell (Figure 
448). When the circuit is closed by pressing the 
push-button, the current flows through the elec- 
tromagnet, which immediately draws the arma- 
ture to the magnet, causing the clapper attached 
to the armature to strike the bell. The armature 


E FE 
: - : To Push- To 
remains in contact with the core of the magnet Button Battery 


so long as the bush-button closes the circuit. 
The spring of the clapper is so arranged that the 4 Single. 
clapper does not remain in contact with the bell Stroke 


Fig. 448 


é Bell 
and thus deaden the sound. See if you can trace ‘ 


the current through the bell in the figure. Note that the 
wires on the two arms of the horseshoe magnet are wound 
in opposite directions. This makes one pole a north pole and 
the other a south pole, as indicated by the “N” and “S” on 
the poles of the magnet in Figure 448. 

The ordinary doorbell rings intermittently. The common 
doorbell is so arranged that the clapper strikes the bell several 
times a second when one presses:the button to ring the bell. 
Experiment 101, on the next page, shows how the electric 
current operates such a bell. 
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AMIN - 
Experiment 10V /How. does the current pass. through a doorbell? _ 
Connect a cell, push-button, and ordinary doorbell as in Figure 449, 
and trace the current through the circuit, starting at the negative pole 
of the battery and going through the 
push-button to the bell. (The metal of 
the base of the bell is a conductor.) 


When the circuit is closed by the 
push-button, the current flows 
through the coil and magnetizes the 
electromagnet. The armature is 
drawn over, and the clapper strikes 
the bell. As the armature moves, 
the armature spring separates the 
contact points, and no current can 
flow. The electromagnet loses its 
magnetism, and the armature spring 
forces the armature back to its orig- 
inal position. This closes the cir- 
cuit again, and the operation is 
repeated. The rapid closing and 
Fig/449 "An Ordinary Doorbell opening of the circuit cause the clap- 

Thedry cell and push-button per to vibrate as long as the push- 
are shown diagrammatically button is held down. 
much smaller in proportion The electric buzzer acts like the 
than theydeoaily ary doorbell. Since there is no bell in 
the buzzer device, the rapid vibration of the armature causes 
the buzzing sound. The speed of the vibration can be con- 
trolled by changing the distance between the contact points. 
If this distance is great, more time is required for the vibrator 
to move, and it vibrates less rapidly, causing a low pitch, or 
note; if the distance is small, the buzzer has a high pitch. 


Exercise 5. Hxamine your doorbell at home to see if it is like the 
one described. If it is not, how does your bell work? 

Exercise 6. A core of soft iron in an electromagnet becomes mag- 
netized quickly, but loses its magnetism as soon as the electric current 
stops flowing. Steel holds its magnetism when once magnetized. 
Would you use soft iron or steel for the core in an electromagnet? 
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PROBLEM 3: 


HOW DOES A SIMPLE TELEPHONE 
OPERATE? 


How can the voice be sent over the telephone? The answer is, 
“Tt cannot.” How, then, can you hear the person at the other 


end of the line talk? To 
answer this you must 
know what the voice is, 
and how the different 
instruments of the tele- 
phone can reproduce it. 

The vibrations of your 
vocal chords produce 
sounds. If you could 
see inside your voice 
box, or larynx, which is 


or sings. 


IN 


\ Vocal Chords “Zs 


Fig. 450. The Vocal Chords 
In the view at the left the chords are not 
stretched; the right view shows how the 
chords are pulled tight when one speaks 


located near the top of the windpipe leading from the lungs to 
the mouth, you would notice two chords of strong tissue (Figure 


450). 


These are called the vocal chords and are controlled by 


muscles. When they are stretched, and the air from the lungs 
is forced through them, they vibrate and cause sound waves to 


be set up in the air. 


Experiment 102: How is sound produced? 


(a) Strike a tuning-fork on the table. 
look at it closely and ob- 
serve that the prongs look 
hazy because they are vi- 
brating rapidly. Strike it 
again and lower it into a 
glass of water until it 
_ touches the water (Figure 
’ 451). What happens? 

(b) Stretch a short wire 
tightly (Figure 452). Pick 


produce sound? 


Hold it near your ear. 


Now 


Fig. 452. Apparatus for 
Experiment 102 


or snap the wire at one end. Does the vibrating wire 
Can you see and hear the wire vibrate 


after picking it? Add more weights to the free end of the wire 


and try again. Result? 
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The vibration of a string or a tuning fork produces sound. 
You can understand then how the vocal cords produce sound 


Fig. 453. A Vibrating Rubber Band 


when they vibrate. 

The pitch of the sound de- 
pends upon how rapidly the 
cords vibrate. If you stretch 
a rubber band (Figure 453) 
and pick it, a sound of a cer- 
tain pitch is produced; if you 
stretch the band more tightly, 
the pitch is higher. In the 
same way the vocal chords may 
be stretched tightly, and the 


air from the lungs then sets them in rapid vibration, causing 


a high note. Or they a 
may be less tightly 
stretched, and_ will 
then produce a lower 
note. The shape of 
throat and mouth and 
the position of tongue 
and teeth make a dif- 
ference in the quality, 
or tone, of the sound, 
but the rate of vibra- 
tion of the vocalchords 
determines the pitch. 

Sound travels in all 
directions. If you 
could see the waves 
of the air produced by 
sound, they would 
look something like 
the waves in Figure 


cules to move outward in all directions, 
sets up waves in the air and produces alternate 
thick and thin layers of air molecules in all 
directions around the bell. The drawing shows 
these waves in only a few planes of the sphere. 
By holding the page at arm’s length you can 
see the planes of the sphere more distinctly. 


Fig. 454. Sound Waves 
As the bell vibrates, it causes the air mole- 


This 


454, They travel in all directions from any vibrating object. 
These air waves may strike a body and cause it to vibrate. 
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Experiment 103: Can air waves cause a body to vibrate? 

(a) Strike one tuning-fork on the table and quickly hold it near 
another tuning-fork of the same pitch. Bring the second tuning-fork 
to your ear, and you find that it is now 
vibrating. The vibrations of the first fork 
set up air vibrations which in turn caused 
the second fork to vibrate. (You can do 
the same experiment by using two stretched 
wires having the same pitch.) 

(6) Get the pitch of a certain piano 
string. Then sing loudly the syllable O, 
in the same pitch, while the loud pedal 
of the piano is being pressed down so 
that the string is free to vibrate (Figure 
455). Now stop singing and you can hear. 
the string vibrate. (You can do this with any stringed instrument.) 

Sound waves make the telephone possible. The simplest 
form of telephone is shown in Figure 456. The mouthpiece, or 
transmitter, is connected to a ‘cell and a receiver. When some- 
one speaks into the transmitter, the air waves cause a thin 
membrane in the 
transmitter to vi- 
brate. This vibra- 
tion of the mem- 
brane causes the 


Fig. 456. A Simple Telephone electric current 


Sounds do not travel along the wire. They which flows from 
cause a change in the electric current which flows the celland through 


through the receiver. This sets up sound waves the coil of the elec- 
around the receiver. tromagnet in the 
receiver rapidly to increase and decrease in strength. This, in 
turn, rapidly changes the attraction of the magnet for an iron 
membrane in the receiver, and causes the membrane to vibrate. 
The vibrating membrane sets up sound waves in the air around 
the receiver exactly like those caused by the speaker’s voice. 
The air waves strike the listener’s ear (Figure 456), and he 
hears the speaker’s words. 


Fig. 455. Experiment 103 
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Now let us see more fully how the different parts of the 
ordinary telephone work. Figure 457 shows the various nec- 
essary instruments and connections of a telephone between two 
stations. At each station there are a battery, a transmitter, an 


Receiver Lines 
Between 


Stations 


3 <— Induction Coil — : 


Ground 


sll 


Fig. 457. Station Telephone System 


The line between stations goes through the cen- 
traltelephone exchange. In thetelephone the primary 
coil is inside the secondary coil of the transformer 


induction coil or 
transformer, and 
a receiver. Note 
that the trans- 
mitter, battery, 
and primary coil 
make one circuit 
at each station, 
and that the re- 
ceivers and the 
secondary cols 


of the znduction 
coils are all on one circuit separate from the transmitter circuits. 

The telephone transmitter changes sound to electric energy. 
The transmitter is constructed as shown in Figure 458. The 
current from the local battery flows to the metal disc, or dza- 
phragm, then through the carbon particles in the little cylindri- 
cal box which is made of a non-conducting material, to the 
metal back of the transmitter, and then through the primary 
coil of the induction coil and back to the battery. 

When someone speaks into the transmitter, the vocal chords 
set up sound waves in the air (Figure 456), which strike the 
diaphragm and make it vibrate, just as the piano string in 
Experiment 103 was set in vibration by the voice. The dia- 
phragm is so sensitive that it vibrates according to the pitch 
and the quality of the sound. Since the carbon particles rest 
against the diaphragm, the vibration increases and decreases 
the pressure between the carbon particles. The current which 
flows through the transmitter varies according to the pressure, 
for, when the pressure is greater and the particles are in closer 
contact, the resistance is decreased and more current can flow 
through them. When the pressure is less and the contact 
between the particles is not so great, less current can flow. 
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The sound waves cause the current in the transmitter circuit 
to vary in strength because of the vibration of the diaphragm. 
The primary coil therefore rapidly changes in its magnetic 
power as the current through it changes. Thus, lines of magnetic 
force move  out- 
ward as the mag- 
netism increases 
and inward when 
the magnetism 
decreases. These 
rapid changes in 
the lines of force 
which pass over the Fig. 458. The Transmitter 
secondary coil, first The inside construction of the receiver is shown 
inone directionand ®t the right. The wires lead to the battery and 
ihenhinetherother, to the receiver. 
cause an alternating electric current to flow in the secondary 
coil. Since there are many turns of wire in the secondary coil, 
the force, or voltage, of the electric current produced therein is 
greater than that in the pri- 
mary coil. This greater force 
can then send the electric 
current through the wire to 
the receiver miles away. 
However, the force of the 
current in the secondary-coil 
circuit varies in strength 
on account of the varying 
strength of the transmitter 


‘lift, Diaphragm Disc 


h Carbon 
\ “Particles 
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Diaphragm Disc 


Fig. 459. The Receiver current. This varying cur- 
The diaphragm disc is made of — yent flows through the line 
soft iron. Why? to the receiver. 


The receiver changes electric energy to sound. ‘The re- 
ceiver of the ordinary telephone consists of a bar or horseshoe 
magnet, one or two coils of wire, and a thin iron dise which is 
held in a hard rubber case so that it cannot touch the magnet 
(Figure 459). If a horseshoe magnet is used, the coils must 
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be wrapped in opposite directions. (See page 455.) When the 
varying electric current sent out by the transmitter and the 
secondary coil passes through these electromagnetic coils, 
the iron receiver disc is attracted by the rapidly changing 
magnetic attraction 
and is caused to vi- 
brate exactly as the 
metal diaphragm in 
the transmitter vi- 
brates. The vibration 
of the receiver disc 
sets up air waves ex- 
actly hike those from 
the vocal chords of the 


ah ; speaker at the trans- 
From less than a million telephones in 1900 te J 
the number has grown to nearly 16,000,000 saeieb aria mae 
in 1924. The whole story 


retold. You can now. 
understand the ordinary telephone. Let us summarize the 
important points. The transmitter speaking-tube receives the 
sound waves of the air set up by the vocal cords; the diaphragm 
in the transmitter vibrates; the vibrating diaphragm causes 
changes of pressure on the carbon particles; the changes of 
pressure cause the changes in the electric current through the 
primary coil of the induction coil; the variation of the current 
in the primary coil increases and decreases the current of 
greater force set up in the secondary coil; the varying current 
in the secondary coil and line causes differences in the strength 
of the magnetism in the coil around the magnet in the receiver; 
this increases and decreases the pull of the permanent magnet 
on the dise of the receiver; the receiver disc vibrates exactly 
as the transmitter diaphragm vibrates; these vibrations start 
air waves like those of the speaker’s voice; these air waves 
strike our ear and produce a sound like the speaker’s voice. 

The telephone with a modern central station is much like 
the telephone described, but the battery or dynamo used to 
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send the current is located in the central office. The central 
station is a very complicated apparatus, especially in large 
cities. If you have an opportunity to visit such a station, be 
sure to do so, and have the manager explain to you how it works. 
The growth of the telephone 
industry in our country has been 
enormous. Figure 460 gives you 
some idea of the increase in the 
number of telephones used in 
our country since 1900. Today, 
about 16,000,000 telephones are 
in use in the United States. Fig. 461. Percentage of Tele- 
This is nearly two-thirds of all phone Calls at Different 
telephones in the world. In Hours of the Day 
1923 there were about 53,000 For example, 8 per cent of all 
: calls are made between 11 and 
separate telephone systems In 49 osclock in the fore Sue ta 
the United States, employing 
over 325,000 men and women. ‘Twenty-nine million, seven 
hundred thousand miles of wire were necessary to connect the 
telephones, and over 20,000,000,000 conversations, or calls, 
were completed. Figure 461 shows the percentage of these 
calls for the different hours of the day. 


AM. PM. 
*HOUR OF THE DAY = 


Exercise 7. Explain why the diaphragm disc of a receiver must 
be made of soft iron, but the diaphragm of the transmitter is not 


made of iron. 
Exercise 8. Write a short story in which you explain the first two 


sentences following the title of Problem 3. 


PROBLEM 4: HOW ARE WIRELESS MESSAGES SENT? 


Samuel F. B. Morse and Alexander Graham Bell are men 
who will always remain famous for their great inventions. 
Guglielmo Marconi, an Italian scientist, is, however, equally 
famous. In 1896, Marconi, a young man of 21 years, sent a 
message without the use of wires over a distance of two miles. 
While other men had proved that wireless messages were pos- 
sible, Marconi made such important improvements in this 
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field that he must be given credit for his great inventions. 
Since that time many improvements have been made on the 
radio sending and receiving devices. Today millions of receiving 
sets are in use in our country, taking from space the messages, 
speeches, and music sent out by the thousands of sending sets. 
Hundreds of ‘“‘broadcasting stations’ add to the education 
and enjoyment of those who are fortunate enough to be able 
to build or purchase receiving sets, and who know how to 
“tune in’’ on the various sending stations. 

Electric energy travels as particles and waves. To begin 
our understanding of radio, or wireless telegraphy and teleph- 
ony, let us see how electricity travels from one place to 
another. Any wire or conductor contains millions of small 
particles of electricity, or electrons. When these electrons are 
set in motion along the wire, we say the current is flowing. 
When the wire is attached to a cell or a dynamo, these so-called 
“generators” of electricity force the electrons to move, much 
as a pump forces water through a pipe. Thus by means of a 
key or a push-button we can complete a circuit, and the cell 
or dynamo which is connected in the circuit will pump electrons 
along the wire. At any point along the wire electrons will then 
be moving, and we have an electric current. 

In radio there are no conductors or wires to carry the cur- 
rent from the sending set to the receiving set. It is not well 
understood how this transmission takes place, but you can imag- 
ine something like this: The sending set sends out waves 
of electric energy similar to the magnetic lines of force around 
an electromagnet. These electric waves travel outward from 
the sending station in all directions. They travel through space 
in much the same way that waves move outward along the sur- 
face of water when a stone is thrown into a pond. There is one 
important difference, however, between water waves and radio 
waves: the former move outward in circles, while the latter 
move outward in spheres. That is, radio waves move in all 
directions from the sending set, just as sound waves move in 
all directions from a bell. (See page 458.) How these electric 
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waves are set in motion through space you will understand 
better by examining a simple sending set. 

A simple buzzer sending set is easily made. A simple send- 
ing set like that shown in Figure 462 may be used to send wire- 
less messages over 
short distances. The 
set consists of a few 
electric cells, a key, an 
induction coil with a btaahs 
vibrator, an aerial, and Ends of Peel 

- , Induction 
a spark-gap. If you h “ }Coil 
examine the figure 
carefully, you will see 
that the cells are con- 
nected in circuit with 
the key, the vibrator 
of the induction coil, 
and the inner coil of 
the induction — coil. 
Note that the induc- 
- tion coil consists of two coils. The inner one has a few turns of 
heavy insulated wire. It is called the primary coil because it is 
connected with the battery. The outer coil consists of many 
turns of fine insulated wire. This is the secondary coil. It is con- 
nected with the spark-gap, the aerial, and the ground. The wires 
of the primary and secondary coils are not in the same circuit. 

The primary circuit induces a current in the secondary coil. 
When the key is closed, the cells are connected in the circuit 
and force electrons through the key, wire, vibrator, contact 
point, primary coil, and the wire leading back to the cells. As 
soon as these electrons move in the primary coil, it becomes a 
magnet. The soft iron core of the magnet increases the mag- 
netism of the coil. The vibrator, being made of iron, is attracted 
to the core. This separates the vibrator from the contact point, 
breaking the circuit. No current can now flow, and the electro- 
magnet at once loses its magnetism. The spring of the vibrator 


tuas! 
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Fig. 462. A Buzzer Sending Set 
If an induction coil is available, examine 
it to see how it works. 
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forces the vibrator back against the contact point, making the 
circuit once more. Immediately electrons start to flow again, 
since the cells are now connected in the circuit. The primary 
coil and core are again magnetized, and the vibrator is again 
pulled over, breaking the circuit. Thus the vibrator moves 
back and forth between the contact point and core, making 
and breaking the circuit many times each second. 

The sudden making of the primary circuit by the vibrator 
causes electrons to start moving and to flow rapidly through the 
wires of the primary coil for a moment. Then, the sudden 
breaking of the circuit immediately cuts off the cell (the pump), 
and the electrons slow down and stop. As the electrons start 
to move, they cause magnetic lines of force to move outward 
from the primary coil across the wires of the secondary coil. 
These magnetic lines of force cause the millions of electrons in 
the wires of the secondary coil to start moving, thus causing a 
current to flow in the secondary coil. Because there are many 
turns of wire in the secondary coil and because the magnetic 
lines of force come outward at such great speed, the electrons 
in the secondary wire are set in motion with great force. This 
produces a current with a high voltage. (See page 461.) 

At the breaking of the primary circuit, the electrons in this 
circuit slow down and stop. The magnetic lines of force now 
move inward toward the primary coil across the secondary coil 
wires. Thus they cut across these wires in the opposite direc- 
tion from that during the making of the primary circuit. This 
causes the electrons in the secondary coil to reverse their di- 
rection. You can see, then, that the current in the secondary 
coil flows in one direction one moment and in the reverse direc- 
tion the next moment. The alternating current thus set up, 
or induced, in the secondary coil has a much higher voltage, or 
force, than the current in the primary circuit, and alternates 
very rapidly because of the rapid making and breaking of the 
primary circuit by the vibrator. 

The secondary circuit sends out waves of electric energy. 
Now if you examine Figure 462 again, you will see that this 
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secondary coil is connected to 
the spark-gap, and that one 
ball of the spark-gap is con- 
nected to the aerial while the 
other is connected to the earth 
by means of the water pipe. 
The high voltage of the cur- 
rent set up in the secondary 
coil causes the electrons to leap 
across the spark-gap at a tre- 
mendous' speed, _ producing 
sparks like lightning. (Since 
the voltage is so high, one 
should be careful not to place 
the hand near the induction 
coil or spark-gap while the 
spark is passing.) 

The sparks leap back and forth 
at such tremendous rate that 
the electrons in the aerial, the 
ground wire, and secondary coil 
are caused to alternate their 
direction millions of times a 
second. We say the current osczl- 
lates at high frequency, meaning 
that the direction of the current 
changes many, many times a 
second. Such rapid movement 
of the electrons in the aerial sets 
up waves in the space around 
the aerial. These waves then 
move outward across space. 
The distance which they travel 
depends upon the voltage of the 
secondary circuit and the atmos- 
pheric conditions. 
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Fig. 463. Radio Parts and Symbols 
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Since the waves are set up only when the key is pressed down, 
or closed, it is possible to send out the waves for short or long 
intervals, like the dots and dashes of a telegraph code. The 
waves of short and long intervals may be detected, or “picked 
up,” by a receiving set and heard as short or long buzzes in the 
head phones. The message sent with the 
key may, therefore, be understood by 
anyone who knows the code. 

There are many different kinds of send- 
ing sets. The sending sets for the radio- 
telephone used in broadcasting stations 
are far too complicated to study here. It 
is enough for us to know that they send 
out waves through space. The waves are, 
however, changed somewhat by the voice 
or music which enters the transmitter of 
the telephone connected to the sending set. 
(See Figure 456, page 459.) The sounds in the sending sta- 
tion strike the telephone transmitter membrane, or trans- 
mitter, and change the radio waves in much the same way that 
sound changes the electric current in the ordinary telephone. 
Because different stations send waves of different lengths, it 
is necessary for us to “tune” our receiving sets so that we 
may be able to listen to the station which we wish to hear. 
Then our set can reproduce the changes in the waves caused 
by the voice or music at the broadcasting station, and we can 
enjoy the speech or concert. 


1|8}1—— 


Fig. 464. ‘‘Hook-up”’ 
for Figure 462 


Exercise 9. Make a statement summary of everything that hap- 
pens when the key of the simple sending set is closed. 

Exercise 10. Hach instrument of the sending set described is shown 
in Figure 463, and opposite each is the symbol which radio men use to 
represent the instrument. Figure 464 shows a diagram, or “hook-up,” 
of the set as represented by radio experts. Copy the “hook-up” and 
label each part. Below your drawing list the name of each part, and 
following each name state briefly the use of the part. Also, label the 
primary and secondary circuits. 
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PROBLEM 5: HOW DO SIMPLE RADIO RECEIVING 
SETS WORK? 


A very simple set will receive code messages. One of the 
simplest receiving sets with which you may hear code messages 
like those described in Problem 4 is shown in Figure 465. It 
consists of an aerial, a 
crystal detector, a pair of 
head phones or a tele- 
phone receiver, and the 
necessary connections. 
If such a set is ‘hooked 
up”’ in a room adjoining 
the room in which a 
sending set like that de- 
scribed in Problem 4 is 
located, messages sent 
out by the sending set Fig. 465. A Crystal Set 


may be heard. The necessary parts can be obtained at 
This simple receiving any radio store. 


set is easily set up. 
The aerial is either insulated or bare copper wire stretched 
across the room. Number 18 or Number 20 wire will serve. 
One end of the wire is left free; the other is attached to a 
water pipe. The head phones or receiver should have a resist- 
ance of more than 1000 ohms. The crystal detector and the 
phones are connected to the aerial wire as shown in the figure. 
The crystal is made of a mineral called galena. Directly above 
the crystal is a small wire which completes the circuit through 
the crystal detector when it touches the crystal. It may be 
necessary to shift the wire until it touches a certain part of 
the crystal before a signal can be heard in the phones. This 
part of the crystal is commonly called the “sensitive spot.” 
Let us see how this set works. You remember that the waves 
of electric energy which come through space from the sending 
set are caused by “high-frequency oscillations,” or very rapid 
alternations of the electrons in the aerial of the sending set. 
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Now when these waves strike the aerial of the receiving set, 
the action is reversed. They set the electrons in the aerial wire 
into very rapid oscillations. This causes oscillations all along 
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Fig. 466. Parts and Symbols of a 
Simple Crystal Set 


the wire. 

Some electrons would os- 
cillate in the branch circuit 
in which the crystal detector 
and phones are connected, 
except for the fact that such 
high-frequency alternations 
cannot pass through coils 
like those inside the phones. 
Moreover, the crystal has 
the property of allowing a 
current to pass through in 
one direction only. This 
direct current can flow 
through the phones. Since 
this current through the 
phones varies in strength 
because of the waves which 
strike the aerial, it causes 


the diaphragm of the head phones to vibrate, producing a buzz- 
like noise. The length of each buzz corresponds to the inter- 
val during which the key at the sending set is 
closed. Thus, short and long buzzes may be sent 


and received as a code message. 


To “listen in” to a message from the sending 
set described in Problem 4, have someone operate 
the key of the sending set in an adjoining room. 
Place the head phones of the receiving set on 


your head, and then move the wire about on the 


ul 


surface of the crystal until you find a “sensitive Fig. 467 
spot,”’ when the buzzes will be heard distinctly. 

You may also “pick up” code messages from distant sending 
stations with this simple receiving set. 
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Exercise 11. The symbols for the parts of the simple receiving set 
are shown in Figure 466. The “hook-up” for this set (Figure 467) 
shows how radio men represent the set in a diagram. Copy the “hook- 
up,” and neatly label each part. Below your drawing explain briefly 
how the set works. 


A coil crystal-detec- 
tor set is more satis- 
factory. For receiving 
code and wireless tele- 
phone conversations, “= 
reports, and musical 
concerts sent out by 
amateur and commer- 


Aerial 


Double-Slide Coil 


Crystal Receiving Set 


ue : eS a detector The aerial wire and the wire which leads 
Set is combined with to the crystal detector are connected to one 
a coil. A coil crystal- end of the coil. The ground wire and the 
detector set is shown wire which comes from the phones and con- 


: ‘ : denser are attached to the ends of the rods 
m Figure 468. With on which the slides move. 


this set it is possible 

to receive code or telephone messages from stations within a few 
miles, and to listen to one station without hearing other stations 
at the same time. The set consists of an aerial, a coil (called 
a “double-slide tuning-coil’”’), a ground wire, a condenser, a 
erystal detector, and head phones. The aerial may be placed 
in the house or outside, or bed springs may be used as an aerial 
if the sending station is a powerful one and is only a few miles 
away. If the aerial is placed outside the house, a lightning 
arrester should be used to prevent the danger of fire. The parts 
for the coil may be purchased at a radio store, and the coil can 
be wound, or the entire coil may be bought. Figure 468 shows 
how to make the connections. 

In order to listen to a broadcasting or code-sending station, 
the receiving set must be “tuned”; that is, it must be properly 
adjusted. The wire of the crystal detector must be on a sensitive 
spot, and the slides must be moved until they are in the correct 


472 COMMUNICATING WITH OUR NEIGHBORS 


position and the message is clearly heard in the head phones. 
The “tuning in” on any station may require considerable 
patience at the first attempt. Thereafter it is easy to do, since 
Parts Symbols the positions of the slides for a 
3 certain sending station change 

but little from time to time. 
‘ Note that there are two cir- 
SN aes ens cuits. The aerial circuit consists 
of the aerial, some turns of the 
tuning coil, one of the slides, and 
the ground wire. This is known 


Aerial | 
as the primary circuit. The de- 


ED Es tector circuit, often called the 
secondary circuit, consists of (1) 


lea eae a wire leading from the post of 
the coil to which the aerial is con- 
nected, (2) the erystal detector, 
(3) the phones, (4) a wire leading 
to the other slide, and (5) some 
turns of the coil. A condenser is 
connected across this secondary 
circuit from one side of the 
phones to the other. 
The operation of the set is sim- 
Cotdencar ple. When the waves from the 
Fig. 469. Parts and Symbols of sending station strike the aerial, 
a Double-slide Tuning-Coil oscillations are set up in the pri- 
Cerstal et mary circuit, provided the slide 
contact in this circuit is properly set. These oscillations cause 
similar oscillations in the part of the coil which is in the secon- 
dary circuit, if the slide contact in this circuit is in the correct 
position, but the crystal allows the electrons to flow through 
it in one direction only. Thus, if you have properly tuned in 
on a code-sending set, a varying direct current passes through 
the crystal and phones and causes the diaphragms in the head 
phones to vibrate and send out buzzes. Or, if the sending 


vl 


& 
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set is a telephone sending station, the diaphragms vibrate just 
as the membrane in the transmitter at the sending station vi- 
brates, and you hear the speech or the music. 


Exercise 12. Figure 469 shows the symbols for the instruments 
in the coil crystal-detector set. Draw a “hook-up” of the set, using 
the symbols, and label the parts. 


PROBLEM 6: HOW IS A SIMPLE VACUUM-TUBE 
RECEIVING SET OPERATED? 


The vacuum-tube receiver (Figure 470) is more commonly 
used than the sets previously described. It has three important 
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Fig. 470. A Simple Vacuum-Tube Receiving Set 


For experimenting with radio sets like this one it is best to keep 
the parts arranged like this. Various “hook-ups” can thus be made 
with little trouble. This “hook-up” is called a non-regenerative set. 


advantages over simpler and less expensive crystal sets. First, 
sending stations at a greater distance may be heard. Second, the 
sounds in the sending station are reproduced much more loudly. 
Third, it tunes better, making it possible to “tune in” any send- 
station without so much znterference from other stations. It is 
therefore more selective than the crystal receiving set. 

All of the parts for this set may be purchased at any radio 
store. If a three-cell storage battery is used as the A battery, a 


474 


COMMUNICATING WITH OUR NEIGHBORS 
six-volt tube is needed; if the A battery is a dry cell, a one-and- 
one-half-volt tube is used; if the A battery consists of three 
The B battery has a voltage of 22.5 volts. 


dry cells connected in series, it will operate a 4.5-volt tube. 


The radio dealer will 
know the kind of in- 
struments necessary 
to make the set. 


turned 


To operate the 
set, the rheostat is 


until the 
filament in the vac- 
uum tube glows. 
The head phones 
are placed in posi- 
A tion. The little 
+ mie B switch arm con- 
Uhh : . 
necting the ground 
Tig. 471. ‘Hook-up” for Figure 470 wire to the taps is 
turned so that the 
end of the arm rests on one of the taps. Then the dials of the 
variable condenser and of the inside coil of the variable coupler 
Microphone 


. Changes Voice 


3§ Waves to Elec- 
t 


Fig. 472. A Broadcasting Set 
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are turned to different positions. If no sending station is 
heard during this operation, the small arm is turned to another 
tap, and the moving of the dials is repeated. With a little 
patience and perseverance a station may be detected, although 
it may be necessary to move the rheostat to a different position 
and repeat the other operations. The best way to learn how 
to operate the set, once it is properly connected as shown in the 
figure, is patiently to turn to various positions the knobs or 
dials of the rheostat, the variable condenser, the switch arm, 
and the variable coupler. Once a station is heard, it can always 
be found again if you remember the position of the dials. If 
you operate a radio set, keep a record, or log, of the position 
of each dial for the various stations. 

How the set works is not easy to explain. It would require 
many pages to tell the whole story. Anyone who is interested 
can find sets like this described in simple books on the subject 
of radio. 

Exercise 13. Copy the “hook-up” of the vacuum-tube set (Figure 
471) and compare it with Figure 468. Label the parts of your drawing. 

Exercise 14. Examine Figures 472 and 473, which will show you the 
principal parts of a broadcasting station and of a modern receiving set. 
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Fig. 473. A Receiving Set 
The loud speaker contains coils and a magnet similar to those in a 
telephone receiver. The horn directs and magnifies the sound waves. 
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Review Exercise on Unit XVI. (a) Turn back to the Preliminary 
Exercises and mark those which you answered incorrectly or failed 
to answer. Answer them at the end of your original answers. 

(b) Turn to the Table of Contents of Unit XVI and see if you can 
give satisfactory answers to each of the problems in this unit. If 
you cannot do so, study the text until you can. 


ADDITIONAL EXERCISES AND PROJECTS ON UNIT XVI 


1. What advantage do you see in the attempts to combine wire- 
less and wire telephone systems, using wireless central stations? 

2. Could you use a bar magnet in an electric bell? Explain. 

3. Of what kind of material is the disc, or diaphragm, of a receiver 
made? Why? 3 

4. Can a telephone transmitter be used as a receiver? Can a 
receiver be used as a transmitter? Explain. 

5. Two wires are used in city telephone circuits, while only one 
wire is used for country lines. Why is this so? 

6. Make a drawing to show the magnetic lines of force around 
the magnet and disc of a receiver used as a transmitter in the simple 
telephone described in the text, and explain how alternating currents 
are set up in the wire by sound waves. 

7. What are three ways to increase the strength of an electro- 
magnet? 

8. What would be the effect of wrapping the coils of an electro- 
magnet in the same direction? Try it, and explain the results. 

9. Bring your radio set to school and explain to the class how it 
works. 

10. Why is a variable-coupler tuner more selective than a double- 
slide tuning-coil set? (See Figures 470 and 468.) 

11. In a radio set, the B battery should never be connected to the 
filament. Why? 

12, Learn to send and receive a code message by telegraph. 


UNIT XVII 
TRANSPORTATION BY LAND, WATER, AND AIR 


PRELIMINARY EXERCISES 


1. Name as many different kinds of boats as you can. What 
are the characteristics which distinguish each kind from the others? 

2. What is the chief difference between materials which float in 
water and materials which sink? 

3. Why are canoes more easily overturned than row boats? 

4. What kind of machine is an oar? A canoe paddle? 

5. What are the kinds of power used to propel boats? 

6. What are the differences between an ordinary balloon and a 
dirigible balloon? 

7. How does a kite differ from an airplane? 

8. What is the difference between a monoplane and a biplane? 

9. What is a hydroplane? 

10. Why do airplanes have wheels or pontoons? 
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If you compare life today with life one hundred years ago, 
you realize that our present mode of living is possible only as 
the result of a speedier and more dependable method of trans- 
portation. What today are considered the necessities of life 
were regarded then as luxuries because of the time and the 
expense involved in obtaining them. Your clothing, your food, 
and your home present ample evidence of the value of trans- 
portation. You eat oranges from California, dates from Egypt, 
nuts from Brazil, wheat from Kansas, and cheese from New 
York. Your clothing may have grown on a sheep’s back in 
Australia. Your house may be constructed of lumber from 
Michigan, stone from Iowa, and glass from West Virginia, and 
furnished with materials which have come from all parts of the 
world. This has been made possible by the development. of 
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land and water transportation. What changes a dependable 
system of air transportation will bring cannot be predicted. 
Not only has transportation permitted the exchange of raw 
and manufactured 
products, but it has 
also enabled people 
to travel. This has 
resulted in explora- 
tion, colonization 
of new lands, de- 
velopment of new 
| regions, and in a 
Underwood and Underwood general mingling of. : 
Fig. 474. A Primitive Method of Travel the earth’s popula- 


This method of transportation is stillin use. tjon, Our commu- 
The view shown here comes from the Blackfeet ‘ 
Indians of the Glacier National Park region. 


nities are made up 
of people from all 
quarters of the globe. The members of the community are 
constantly traveling from one place to another, bringing back 
new ideas and ways of doing things. Transportation has thus 
enabled one part of the world to learn what the other part is 
doing and thinking, and has assisted to a great extent in the 
development of our present progressive civilization. 

Our present system 
of land transportation 
did not develop in a 
single day. It is the 
product of thousands 
of years of thinking 


Courtesy American Museum of Natural History 
and work. For cen- Fig. 475. A Sledge Which Went to the 
turies man _ traveled North Pole 

from place to place This sledge, pulled by dogs, went with 


\ Peary to the North Pole. 
under his own power 


and in addition carried his burdens. Later he domesticated, 
or tamed, the horse, elephant, camel, and ox and packed his 
load upon their backs, or rode the animals himself. The first 
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step in the development of the vehicle was probably a sledge 
or drag which was pulled along (Figures 474 and 475). The first 
wheeled cart probably used solid logs for wheels (Figure 476). 
This marked an important 
advance in the development 
of our modern vehicle. Later 
the two-wheeled cart came in- 
to common use, but not until 
the seventeenth century did 
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i OD -in 


Courtesy Studebaker Corporation 


four-wheeled carriages ap- Fig. 476. An Early Wheeled Cart 
This picture, made from an early 


Er aay. great peer drawing, does not show us how the 
These were made practical joo, were attached. 
by building better roads. 

Today our land vehicles are propelled by steam, gas, and 
electrical power. The first inventor who succeeded in propelling 
a vehicle by steam was Cugnot, a French army officer, in 1769. 
His machine (Figure 477) traveled on ordinary roads at the 
rate of three or four 
miles an hour, and 
had to stop every 
ten minutes to get 
up steam. This does 
not appear to have 
been very much of 
a success, but it is 
important because 
it proved that vehi- 
cles could be pro- 

Fig. 477. Cugnot’s Steam Engine pelled by steam. 
It must have been difficult to steer, for this Thenfollowed years 


old drawing shows it in the act of etc ae of experimentation 
a stone wall. At one time it turned over while vata 
making a sharp corner at three miles an hour. (Figure 478), and 


finally the first suc- 
cessful locomotive to run on rails was invented by George 
Stephenson, an Englishman, in 1829. The first practical railroad 
in the United States was built in 1831, and in 1869 the first 
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transcontinental railroad was constructed. Since that time the 
steam locomotive has been greatly improved, electric loco- 
motives have come into use, and new inventions, such as the 
air-brake and the automatic signal, have greatly increased 
the safety of railroad travel. 

The rise of the gasoline automobile to its present importance 
has been one of the greatest achievements of our modern age. 


Underwood and Underwood 
Fig. 478. An Early Attempt at Steam Locomotion 


This model of a locomotive was built by Seguin, a French engineer, in 
1826, two years before Stephenson built the first “modern” locomotive. 


The first successful application of the power of the gas engine 
for driving a vehicle was in 1887. The table below shows the 
tremendous growth which has taken place in the United States. 


TasLE XVI: Growrs or THE AUTOMOBILE INDUSTRY 


YEAR AUTOMOBILES MANUFACTURED 
180031 eee... a ied 2or3 
TROD A Ne)... ot ee cee 3,700 
190451) RRR he... RR emer 21,975 
1900 : (RR SRM). Slices... « sie 5 natin een ae 127.731 
1914. RPMI Rs. «<5 52, ae en 569,045 . 
LOZ... 2 cxetles, GAMING fell Mes: gata gga aa 1,868,947 
1022... ... \OgmRieheeitieia 2 clk’ bir fo picvenein os aR 2,659,064 
1923... .. ; Ags SIM Meas. in de salies 4,014,000 
icy ae 


: 5. Een Coen tc a rn. We au 3,637,078 
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One of the far-reaching results of the invention of the auto- 
mobile has been the improvement of roads. Thousands of miles 
of hard-surfaced highways are completed each year, and it is 
possible to go hundreds of miles without being forced to travel 
on dirt. In some parts of the country the automobile is 


Courtesy Chicago, Milwaukee and St. Paul R. R. 
Fig. 479. An Electric Locomotive 


This is the latest and most powerful type of electric locomotive. It is 
used for transportation through the mountainous regions. 


successfully competing with the steam railroad both in carry- 
ing passengers and in hauling freight. Its extensive use on 
the farm and in the city has solved many of our transportation 
problems. 

Electric cars have also proved very practical for street rail- 
ways and for short lines between cities. Recently electric trains 
have been operated successfully in mountainous regions where 
water power is plentiful for generating electricity (Figure 479). 
At the present time the production of electricity is so expen- 
sive that, it cannot successfully compete with steam when long 
distances must be traversed. In the years to come the water 
power of our country will be more fully utilized to produce 
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cheaper electrical power, and this method of transportation 
will be more fully developed. 

Transportation by water has also undergone many changes 
since man first learned this method of travel. It is not 
known when he first discovered that rivers and other bodies 
of water could be 
crossed by means of 
rafts or hollowed-out 
tree trunks. Prob- 
ably man’s first at- 
tempt at navigation 
was astride a tree 
trunk, which sup- 
ported his weight 
but did not allow 
him to carry his be- 
longings with him 
(Figure 480). Not 
satisfied with this, he must have thought of binding several trunks 
together so that he could carry a load. It was probably later 
than this that the hollowed-out tree trunk, or ‘‘dug-out,’’ came 
into use. The dug-out enabled man to travel faster than he 
could on the clumsy raft, but it cut down the size of his load. 
Since these first discoveries, man has constantly tried to produce 
boats which could carry heavy loads, and at the same time, 
could be easily propelled through the water. The attempt to 
combine the useful characteristics of the raft and those of the 
dug-out has resulted in the many kinds of boats which we 
have today. 

Not only has man learned to build larger and larger ships and 
to construct them out of strong materials, such as iron and 
steel, but he has also greatly improved his method of driving 
them through the water. For several thousand years man con- 
tented himself with propelling his boat by hand. The galleys 
used in the time of the Romans were driven through the water 
mainly by huge oars manned by slaves. The earliest example 


Fig. 480. A Log Boat 


This was probably man’s first method of 
crossing Bae bodies of water. 
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we have of a sea-going boat using sails, is an old Egyptian 
scene carved on the walls of a temple about 2800 B. c. Long 
before that time man had probably discovered that the force 
of the wind could be used to drive small boats. But he was 
first obliged to discover how the sails could be attached to 
the boat, how to shift his sails to meet the winds from differ- 
ent directions, and 
then to construct 
his boat so that the 
force of the wind 
would not upset it. 
Man power and 
wind power  fur- 
nished the only 
means of propelling 
boats until the lat- 
ter part of the = 
eighteenth century. a ae 


Many attempts Fig. 481. The Clermont 
c The Clermont made the trip between New 
to” build “a boat York and Albany, a distance of 150 miles, in 
propelled by steam 32 hours, an average rate of about 5 miles an hour. 


were made, but the 
honor of constructing the first practical steamboat goes to 
Robert Fulton, who ran the steamship Clermont up the Hudson 
River on August 17, 1807 (Figure 481). The early steamships 
were propelled by paddle wheels of a type generally used 
on inland waters today. The first boat to use the screw 
propeller was the Robert F. Stockton, in 1839. Since that time 
the screw propeller has entirely replaced the paddle wheel on 
ocean-going boats and on many lake boats. On small boats, 
the fuel oil engine and the electric motor have taken the 
place of the heavier steam engine, especially in lake and river 
transportation. 

The great changes which have taken place in water trans- 
portation can be summarized by comparing the flag-ship of 
Columbus with a modern ocean liner. The Santa Maria was 
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63 feet long and 20 feet wide (Figure 482). It depended en- 
tirely on wind power and could carry only about 150 tons. 
A crew of 52 men was required to man it. Columbus made his 
first trip across the Atlantic 
in about two months. One 
of our modern great ocean 
liners (Figure 483) is 920 
feet long and 100 feet wide. 
It can carry a load of 30,000 
tons. A crew of over a 
thousand is required to care 
for the passengers and to run 
it, and in addition it carries 
over 4500 passengers. Only 
five days are required to 
cross the Atlantic between 
Southampton and New 
York City. In carrying ca- 
pacity one ocean liner of 
this size is equal to 200 
ships like the Santa Maria. 


Courtesy Rau 


Fig. 482. The Santa Maria 
It required a great deal of courage 


to brave the stormy seas in a small boat 
like this, and yet some of the greatest 
sea voyages in history were made in 
ships of about this size. Compare this 
picture with Figure 483. 


In addition to this, it can 
make ten transatlantic trips 
in the same time that it 
took the Santa Maria to 


cross the ocean once. 

As far back as the Middle Ages men began to wonder if there 
was not some material which could float in the air like a ship 
upon the water. It was not, however, until 1783 that the 
first balloon was invented. The Montgolfier brothers, who 
lived in France, had observed the clouds which floated in the 
air, and they conceived the idea of filling a bag with a cloud 
of smoke (Figure 484). This they did, and to their great satis- 
faction, the bag ascended. Their next step was to fasten a 
basket to the bag and send up live animals. Finally Pilatrude 
Rozier volunteered to go up in it. On his first ascent the 
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balloon was held captive by ropes, but on November 21, 1783, 
Rozier and his friend the Marquis d’Arlandes ascended in a 
free balloon and remained in the air for twenty-five minutes. 
The heated air used by the Montgolfiers was soon replaced by 
hydrogen, which is very much lighter than hot air and possesses 


Keystone View Co. 


Fig. 483. The Leviathan 


This great ocean liner does not have room enough to turn in a harbor. 
These tug-boats are pushing it around. It has made the trip across the 
Atlantic in 5 days, 6 hours, and 20 minutes. 


a greater lifting power. Since the early days of balloon construc- 
tion, much progress has been made, and now we have the huge, 
dirigible balloons. These can be steered, can carry tons of 
materials, and can remain in the air for many hours. 

While these successful experiments were being made with the 
balloon, man was still trying to develop a flying machine which 
was heavier than air and which could be driven at a high speed. 
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Probably the first airplane which left the ground carrying a 
man was made by Ader, a Frenchman, in 1890. The balance 
of his machine was poor, however, and the machine was not 
practical. To be practical, 
an airplane must rise from 
the ground under its own 
power, fly through the air 
under perfect control, and 
return safely to the ground. 
The honor of inventing the 
first practical airplane goes 
to Orville and Wilbur Wright, 
of Dayton, Ohio, who in 
1903 made many successful 
flights (Figure 485). The 
last few years have seen 
the development of planes 
which can fly through the 
air at a speed of three miles 
: ae a minute and make trips 


¥F Cc ton's Pict ed B 1 di : : 
cea ean e et ny permieeion _Of hundreds of miles with- 


Fig. 484. The Montgolfiers’ Balloon out landing. 


As you see, hot air and smoke were Each of the m 
used to fill the balloon. At the second : ex Dee - 
transportation has its own 


ascension a rooster, a duck, and a lamb 
were sent up in a basket. To the as- problems. One of the 


Teuton of all, they came down un- greatest of land transporta- 


tion problems is that of 
securing traciton. A force is used to drive the wheels and propel 
the vehicle forward. In order to do this there must be sufficient 
friction between the wheels and the ground to keep the wheels 
from slipping. In water transportation the problem of pro- 
pelling the boat forward is more complicated, since water does 
not present a solid surface like land. In addition to this is the 
problem of keeping afloat vessels constructed of iron and steel, 
since these materials are heavier than water. The problems in 
air transportation depend on whether a heavier-than-air or a 
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lighter-than-air ship is to be used. In balloons and dirigibles a 
lighter-than-air gas must be secured. In the airplane the 
resistance of the air must be utilized to enable the propeller to 
keep the plane up in the air and to steer it in its course. 


PROBLEM 1: WHAT ARE SOME IMPORTANT SCIENCE 
PROBLEMS CONNECTED WITH LAND TRANSPORTATION? 


Power must be applied to the driving wheels. Transportation, 
to be effective, must be speedy. In utilizing the force of expand- 
ing steam, exploding gas, and electricity, many difficulties had 
to be overcome. You recall (see page 377) that. the motion of 
the piston in the steam 
or gas engine is back- 
ward and forward or 
upward and downward. 
Such motion has to be 
changed to curvilinear 
motion; that is, the cir- 
cular movement of the 
wheel. This is accom- 
plished by the use of the |} = 
eccentric in the steam Keystone View Co. 
engine (Figure 359) and Fig.485. The Wrights’ First Airplane Flight 


: This picture shows one of the Wright 
by the crank shaft of the brothers standing at the right and the other 


automobile(Figure373). lying on the middle of the lower wing, oper- 


The power must then ating the plane. The plane stayed up 59 
b ferredl. tooth seconds and flew 260 yards. Two years 
e transterre O the later the brothers made a flight of 24 miles. 


driving wheels. The 

method of doing this depends upon the kind of power used. 
In the steam engine the force of the expanding steam can be 
applied directly to the drive wheels. This is possible because the 
power of the engine does not depend upon the speed at which 
the engine is moving. As soon as the steam enters the cylinder, 
it develops its full power. This is not true in the case of the gas 
engine or electric motor. The greater the speed of the gas 
engine or electric motor, the greater is the power developed. 
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Since it requires a much greater force to set an object in motion 
than it does to keep it moving, it is clear that the engine itself 
must be running at high speed before the car can be started. 
Of course it would be impossible to attach the engine to the 
driving wheels when it 
is going at a high speed 
and the wheels are not 
moving. For this rea- 
son automobiles are 
equipped with a clutch 
(Figure 373), which dis- 
connects the engine 
from the system of - 
gears which transmit 
the power to the rear 
wheels. (See page 386.) 
A system of gears is also 
necessary in an electric 
“suey although it is not necessary to shift them as it is 
in the gasoline automobile. 


Courtesy Portland Cement Association 


Fig. 486. A Muddy Country Road 


On a road like this, several teams of 
horses are required to pull a heavy load. 


Exercise 1. Why does a gas engine transmit more power to the 
drive wheels when it is running rapidly than when it is running slowly? 


Traction for the wheels is secured by friction. Another diffi- 
culty which is encountered in land transportation is that of 
securing traction. The surface over which the wheels run must 
be neither too rough nor too smooth, in order to provide suffi- 
cient friction between the wheels and the surface upon which 
they turn. The early steam carriages failed largely because 
they could not secure proper traction on the roads. The 
development of railroads was delayed one hundred years because 
some mathematicians figured out that there would not be 
enough friction between iron wheels and iron rails to provide 
traction for a locomotive. 

If you have ever taken an automobile trip on muddy roads, 
you realize the need of good traction (Figure 486). The car 
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slips from one side of the road to the other, and much greater 
power must be used to attain the speed that could be secured 
on dry roads. Wrapping chains around the tires is simply a 
method of securing the foothold necessary to propel the car 
forward. Non-skid tires 
with their irregular 
outer surface are used 
for the same purpose. 
In the country the 
farmer uses cleats on his 
wheels or wraps them 
with rope. MHard-sur- 
faced roads are over- 
coming this difficulty, 


and are making for 
Fig. 487. A Concrete Highway 


safety and comfort in Aare <i rae ie 
: 1S 18 a picture O e€ Same road shown 
overland travel (Figure; Figure 486. 


487). The roads which 

are now being built are also so well graded that the wheels 
are constantly in contact with the roadbed, so that good trac- 
tion is secured. This makes possible the use of low-power cars. 


Courtesy Portland Cement Association 


Exercise 2. Why is it dangerous to drive fast on a wet pavement? 
Exercise 3. Why do tractors and traction engines have cleats on 


the wheels? 

Exercise 4. Locomotives and electric street cars are equipped 
with a device to pour sand in front of the driving wheels. When 
does an engineer or motorman use this device? Explain. 


Friction must be reduced in the moving parts of a machine. 
You recall (see page 326) that the efficiency of a machine 
depends upon the amount of friction. Friction not only lowers 
the efficiency of a machine, but it causes the parts to wear out. 
For this reason automobiles are equipped with ball-bearings 
and with a lubricating system which covers movable parts 
with a film of oil and prevents the metal surfaces from coming 
into contact with each other. The gears (Figure 373) run in 
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a bath of heavy oil, and the wheels, springs, axles, and steer- 
ing device are packed with hard grease. An abundant supply 
of oil is especially important in the engine, for without it the 
engine will become over-heated, causing the pistons to expand, 
the valves to warp, and the entire engine to be damaged. 
Shocks and jars must be eliminated. Comfort in riding is 
another important factor which must be considered in all forms 
of land transportation. Both the automobile and the train are 
equipped with springs which absorb the shock from irregulari- 


Courtesy American Locomotive Company 
Fig. 488. A Powerful Locomotive 


Observe the short smoke stack and the rounded sides of the locomotive 
and tender. By this construction the resistance offered by the air is 
lessened. 


ties in the surface over which the wheels are run. This not only 
softens the shock to the rider, but at the same time reduces 
the wear on the car. Automobiles are equipped with air-filled 
tires. When the tire strikes a bump, the air in the tire takes up 
part of the shock. Balloon tires, which are much larger and 
which carry air at avery much lower pressure than ordinary 
tires, are proving satisfactory in further decreasing the wear 
and tear on the rider and the car. 

The surface offered to the resistance of the air must be as 
small as possible. Air offers so little resistance when one is 
walking that it is hard to realize that air resistance must be 
taken into consideration in designing locomotives and auto- 
mobiles. This is necessary, however, if high speed is desired, 
because if the speed is doubled, the resistance of the air becomes 
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four times as great, and if it is tripled, the air resistance becomes 
nine times as great. For this reason we have the stream-line 
automobile and locomotive (Figure 488). When they are con- 
structed in this manner, the air which strikes them flows off 
at the sides. 

New methods of transportation will be developed. When one 
realizes that all of the important advances in transportation 
were made during the last one hundred years, it is easy to believe 
that the next century may unlock new forces which will be used 
to propel our vehicles, and new machines may be invented 
which will change methods of transportation as greatly as 
the inventions of the past century have done. 

_ Exercise 5. Racing cars do not use wind-shields. Why? 

Exercise 6. What causes squeaks in an automobile? How can 
they be eliminated? 

Exercise 7. Some automobiles are equipped with “shock absorbers.” 
Of what value are these to the car and to the passengers? 


PROBLEM 2: WHY DO BOATS AND SHIPS FLOAT? 


Primitive man probably did not spend much time wondering 
why his boat floated; he was satisfied that it did. It is easy for 
you to see why wooden ships float, because you know that if 
you throw a piece of wood on the water it will not sink. It is 
perhaps not so easy to understand why boats made of iron, 
steel, or concrete, float, because these materials will sink when 
placed in water. If you roll a piece of tinfoil into a ball and place 
it in water, it will sink. If you then unroll the tinfoil and bend 
it up on the sides so as to make a little boat, it will float. If 
you can explain why it sinks when rolled into a ball and why it 
floats when smoothed out and made into a boat, you will be 
able to explain why iron and steel ships float. 

Materials weigh less in water than in air, Perhaps you 
have noticed that you can lift yourself with your hands very 
easily while in the water. You seem to weigh much less in 
the water than out of it. This will help you to understand 


how iron ships float. 
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Experiment 104: Do materials weigh less in water than in air? 


(a) Suspend a stone or piece of iron from a spring balance, and 
record the weight. 

(b) Lower the stone or piece of iron in a jar of water until it is 

completely covered, and again note the weight (Fig- 

if ure 489). Does it weigh the same as it did in air? 


From your experiment you see that ma- 
terials weigh less in water than in the air. 
The water must overcome part of the force 
of gravity, because the amount of material 
is the same. This lifting force of water on 
a body placed in it is called buoyancy. 

Two forces act upon objects placed in - 
water. When an object is placed on water, 
there are two forces acting upon it. There 
is the pull of gravity which tends to make it 
sink, and there is the lifting effect of the 
water which tends to make it float. If the 
pull of gravity is greater than the lifting effect 


baadals of the water, the body sinks. If the upward 
force of the water is greater than the weight 
sp Ld of the body in air, it then floats. 
- Stone 
F “ia Experiment 105: Why does wood float? 
=== = (a) Obtain a block of wood 10x10x10 centi- 


meters, and weigh it in grams. Calculate the 
Fig. 489. Appara- weight of wood per cubic centimeter. 
tus for Experi- (b) Completely fill with water a jar or beaker 
ment 104. somewhat larger than the block of wood, and 
place the beaker in a pan. 

(c) Place the block of wood in the water (Figure 490). Observe 
that it sinks a little and pushes aside, or displaces, some of the water, 
which overflows into the pan. 

(d) Measure the number of cubic centimeters of water which were 
displaced. A cubic centimeter of water weighs one gram; so the 
weight of the water displaced will be the same number of grams as 
cubic centimeters. Compare the weight of the water displaced with 
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that of the block of wood. (Keep in mind that a little of the water 
displaced sticks to the walls of the vessel.) 


Experiment 105 shown you two facts: (1) the wood sinks 
in the water until it displaces an amount of water equal to 
its own weight, which means that the bouyant force of the 
water is equal to the weight of the ce 
water displaced; (2) a cubic centi- =I 
meter of wood weighs less than a Midu 
cubic centimeter of water. Since 
the wood does not weigh so much 
as an equal volume of water, it 
sinks only part way, until it dis- 
places its own weight. Part of the 
wood, therefore, remains out of 
the water. 

If you repeat Experiment 105, using a piece of iron or a 
stone, you get somewhat different results. 


Fig. 490. Apparatus for 
Experiment 105 


Experiment 106: Why do iron and stone sink when 
placed in water? 


Repeat the last experiment, using a piece of iron or stone. In 
this experiment you find that the weight of the water displaced is 
less than the weight of the iron or stone. Since the upward or buoy- 
ant force is equal to the weight of the water displaced, the iron or 
stone sinks, because the lifting force is not equal to the weight of the 
iron or stone. Floating objects always sink in water until they have 
displaced their own weight. Objects heavier than water always sink, 
because their weight is greater than the weight of water they can 
displace. 


Steel ships float because the average wezght of each cubic 
centimeter or cubic foot of the ship is less than the weight of 
a cubic centimeter or cubic foot of water. This is true because 
there are great air spaces between the steel walls of the ship, 
and the ship is constructed so that it will displace a large 
amount of water. 
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Exercise 8. A lake boat weighs 25,000 tons and carries a load of 
10,000 tons. How many cubic feet of water will it displace? (A 
cubic foot of fresh water weighs 62.4 pounds.) 

Exercise 9. How can an engineer plan a boat so that before it is 
built he will be able to tell how far down in the water it will sink 
and how much of a load it will carry? 


PROBLEM 3: HOW ARE SHIPS PROPELLED AND STEERED? 


Sail boats use wind power to propel them. Boats propelled 
by wind are still used in many places, although the steamship, 
because of its greater speed and carry- 
ing power, is gradually displacing them 
for ocean travel. Skaters often use the . 
force of the wind to blow them over the 
ice. Coming against the wind, they 
have to use their own energy, because 
they do not know how to make the wind 
drive them back against it. Sailors 
found long ago that they could not wait 
for the wind to blow in the direction 
they wished to go. They learned how 
to harness the wind and make it drive 
them where they willed. Sailing against 
Fig. 491. Sailing a Boat the wind is simply a matter of adjusting 

into the Wind the position of the sail and rudder so 

The air spills over that the angle at which the wind strikes 
the side of the sail, and ae ° 
Rowan ins: civen the sail is changed. Figure 491 shows 
to the boat. how the sails of a boat should be ar- 

ranged in order to sail into the wind. 

It is of course impossible to sail in exactly the same direction 
from which the wind blows. For example, if the wind were due 
north, and one wished to travel due north, it would be neces- 
sary to “tack,” that is, to sail northeast or northwest. By 
first sailing slightly northeast and then changing the sail so as 
to travel northwest, it is possible to maintain an average 
northerly direction. 
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Steam boats are propelled by the paddle wheel and screw. 
Two methods of propelling steamships are in common use. The 
older method is 
that of the large re- 
volving wheel fitted 
with broad blades 
or paddles. The 
wheels may be 
placed one on each 
side of the boat, or 
only one may be 
used at the stern 
(Figure 492). Since 
water has weight, it 
offers resistance to 
the passing of the 
blades through it. 
Therefore, as the 


+ "Keystone View Co. 
Fig. 492. A ‘“Stern-Wheeler”’ 


This type of boat is used in shallow water 
where a screw propeller will not work. 


wheel turns and the blades strike 
the water, the boat is pushed for- 
ward. The more modern propeller 
is shaped like the curved blades of 
an electric fan (Figures 493 and 
494). It revolves rapidly through 
the water, pushing the boat forward. 

Ships may be driven by one, 
two, or three screws. If the ship is 
driven by one screw, the shaft 
from the engine which drives the 
screw issues from a hole in the 
stern frame in front of the rudder. 
If two screws are used, one is 
placed on each side of the stern 
frame. If three screws are used, 
one is in the stern frame, and one 
is placed on each side of the stern 


Screw Propeller 


WY Steering Blade 


Courtesy Evinrude Co. 
Fig. 493. A Portable Gasoline 
Engine 
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frame. A three-screw ship has several advantages over a 
one-screw ship. In the first place, in case one screw is dis- 
abled, or if the engine which drives it breaks down, the ship 
can still be propelled by the other screws. It is also possible 
to drive the screws at different speeds, so that the ship can be 
steered without a rudder. This is of special value when the 
ship is being turned around. 


Exercise 10. State the advantages and disadvantages of the 
different methods of propelling ships. 


, Ewing Galloway 
Fig. 494. A Ship in Dry Dock 


The screw propeller and rudder are clearly visible at the stern of the 
boat. The dock shown here is a floating dry dock. It is really a big open 
tank with water-tight spaces between the walls, which may be filled with 
or emptied of water to raise or lower the dock, as may be desired. 


The compass is an aid to steering. When you travel on land, 
it is comparatively easy to find your way. Roads are laid out 
in more or less regular lines, and it is hardly necessary even 
to know the directions. On the ocean, travel is a different 
matter. When land is out of sight, the only natural direction- 
finders are the sun by day and the stars by night. Naviga- 
tors need to know, however, their exact position, so that they 
may be sure of traveling toward their destination in a reason- 
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ably direct route, and so that they may avoid shallow water 
and rocks. — 

No one knows exactly when or where the compass (Figure 
495) originated, but history tells us that it was in use during 
the twelfth century. The compass dial, or card, was divided 
into thirty-two 
parts and perma- 
nently marked be- 
fore the close of the 
fourteenth century. 
The four cardinal 
points, north, east, 
south, and west 
were, of course, a 
part of man’s 
knowledge thou- 
sands of years ago. 

If a piece of steel 


is magnetized and Fig. 495. A Mariner’s Compass 
: Underneath the compass card is a revolving 
mounted 4 such a framework to which both the compass needle and 
way that it may the compass card are attached. Therefore, as 
move freely, one the needle is pulled around, the card moves with 
5 : : it. In the mirror at the back, the helmsman can 
end of it will point read the number of degrees that the card has 
in anortherly direc- revolved to the east or west. 


tion. This end is 

called the north-seeking pole of the compass needle. Without 
doubt the ancients believed that the compass pointed to true 
north, but in most places on the earth’s surface it really points 
several degrees to the right or left of true north. Experiments 
also showed that as the compass was carried north or south 
on the surface of the earth, the needle tilted up or down. This 
led scientists to believe that the earth possesses magnetic poles. 
Sir James Ross in 1831 located the north magnetic pole of the 
earth. At that point the north-seeking end of the compass 
needle points straight down. This location was found to be 
about 1200 miles from the geographical north pole. Because 
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of the difference in the position of the two poles, the compass 
needle will not point true north. Since 1831 maps have been 
constructed to show the difference between true north and the 
magnetic north (Figure 496). This difference is called the 
magnetic declination. 


Exercise 11. Locate 
your town or city 
on the map shown in 
Figure 496. What is 
the magnetic declina- 
tion? Is it east or 
west declination? 


The compass is. 
very useful to steer 
by, but it does not 
tell you how far you 


Fig. 496. Magnetic Declination in the have traveled or 
United States 


If a place is east of the line marked 0°, the 
compass needle will point west of true north. 


where you are lo- 
eated at any par- 
ticular time, and so 
other instruments have been invented to give this information. 

The ‘‘log’” records the rate of travel. Columbus had no idea 
of the distance he traveled, because he had no way of measuring 
it. The first device for measuring distance traveled appeared 
early in the seventeenth century. This instrument was 
called the log. It consisted of a stick of wood attached to a 
rope. On the rope were knots placed at regular intervals of 
about 50 feet. When navigators wished to find out how fast 
the ship was going, they threw the log overboard, and a sailor 
counted the number of knots which slipped through his hand in 
a given time, as measured by a half-minute sand glass. The 
number of knots which passed through the sailor’s hand in the 
half minute represented the number of nautical miles made an 
hour by the boat. The nautical mile is 1.14 times as long as the 
ordinary mile. The word knot is generally used by sailors to 
mean the nautical mile. The actual distance traveled a day 
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can be determined by obtaining the average speed an hour and 
multiplying it by 24. The log used now consists of a steel 
torpedo-shaped rotator attached by a cable to a speedometer 
on the ship’s rail (Figure 497). The speed at which the rotator 
turns depends upon the 
speed of the ship. The 
small hand on the record- 
ing instrument indicates 
the rate of travel. The log, 
when used with the com- 
pass, furnishes a very rough 
estimate of the _ ship’s 
position, but this method is 
always checked by means of 
other instruments. 


Exercise 12. How many 
knots would pass through the 
sailor’s hand in half a minute 
if the boat was sailing ten nau- 


tical miles an hour? Courtesy Compton’s Pictured Encyclopedia 
Fig. 497. A Mariner’s Log 
Latitude and longitude In the upper part of the picture is 


can be determined. In ‘shown the speedometer attached to the 
: ship’s rail. The cable leads out to the 
order to obtain the exact rotator, shown below. As this rotator 
position of a ship it is nec- is dragged through the water, it re- 
essary to determine its lati- volves, turning the gears in the 
tude and longitude. The speadomelen: 
latitude fixes the distance north or south of the equator, and 
the longitude fixes the distance east or west of the prime 
meridian at Greenwich. (See page 30.) This distance is 
measured in terms of degrees (°), minutes (’), and secorids 
(”). By means of a map the navigator may easily deter- 
mine the latitude and longitude of different places. In the 
same manner the master of the ship, having once determined 
his latitude and longitude, can, by means of the map, locate 


his exact position. 
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Longitude is determined by means of a chronometer and a 
sextant. The chronometer is simply a very accurate clock. 
Usually ships carry two chronometers; one is set according to 
Greenwich time (see page 31), and the other shows ship time, 
that is, actual time of day on board the ship. The sextant is 
an instrument used to measure the angle of the sun or some 
other heavenly body with the horizon line (Figure 498). Just 


MIRROR attached to armand 
reflecting the sun into the half- 
orizon mirror 


and areflected image 

SS Of the sun, both onthe 

_—_ -——  ~ same level — —~ — 
ee ae 
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The angle ofthis 
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Fig. 498. How a Sextant is Used. 


before noon, according to ship time, one of the ship’s officers 
begins his observation of the sun. The handle for the right 
hand is held in a vertical position, and the horizon line is 
sighted through the telescope. Then the movable arm is adjusted 
until the light from the sun is reflected by the upper mirror to 
the horizon of the horizon mirror. When the sun has reached 
its highest point, it will be exactly 12 noon. Comparison is 
then made between ship time and Greenwich time. Suppose 
that Greenwich time is 11 a. M. and the ship time is 12 noon. 
The difference in time is one hour. This means that the ship is 
at 15° Hast longitude. (See page 31.) 

The latitude is determined by means of the sextant. You 
know that on September 23rd and March 21st the sun is 
directly over the equator at noon. (See page 27.) It therefore 
makes an angle of 90° with the horizontal (Figure 499A). If 
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one were located at the north pole on these days, the sun’s 
rays would be horizontal; that is, one would see the sun by 
sighting directly along the horizon. If one were half way 
between the equator and the North Pole, that is, 45° latitude, 
the angle of the sun’s rays would make an angle of 45° with 


pect porizontal Line Horizontal to Earth's Surf. t North Pol 
$ ine Horizon I e 
(Figure 4998). caramel gsi oy Si 


North Pole 


Therefore on these 
two days the lati- 
tude may be de- 
termined by simp- 


Equator 


Rays from the Sun 


Line Horizontal to 
Earth's Surface at Equator 


(A) 


South Pole 


ly measuring the 
angle of the sun’s 
rays with the 
horizontal at 12 
noon. Since, how- 
ever, the sun is 
not always di- 
rectly over the equator, it is necessary to correct the angle 
according to the time of year. Navigators carry charts which 
give the correction for each day of the year. In determining 
the latitude, therefore, the angle of the sun with the horizon 
at 12 noon is determined with the sextant. This is the angle 
between the vertical arm and the movable arm when the 
sextant is correctly sighted at noon. This angle is then cor- 
rected according to the time of year. When the corrected 
angle is obtained, it is only necessary to look in the tables to 
find the correct latitude. 

At night, when the sun is not visible, the navigator obtains 
his position from the stars. The invention of radio and the 
radio compass has made it possible for the ship captain to work 
out his position by radio or to obtain it from radio stations. 


Exercise 13. A ship captain made the following observations of 
his position on the twenty-first of September: ship time, 12 noon; 
Greenwich time, 9 A. M.; position of sun at noon, 22°. What were the 
latitude and longitude of the ship? (See Figure 499.) 


Line Horizontal to Earth's Surface at 45°N.Lat- 


North Pole 


South Pole 


Fig. 499. Determination of Latitude on September 
23rd and March 21st 
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PROBLEM 4: HOW DO BALLOONS AND DIRIGIBLES 
FLOAT IN THE AIR? 


The balloon is a great gas bag. The bag of the modern 
balloon is made of varnished silk or cotton treated with a rubber 
solution. The varnish and the rubber prevent the gas from 
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Fig. 500. Parts of a Balloon 

Balloons cannot be steered 
and are therefore at the mercy 
of the wind. 


leaking through the walls. On the 
outside of the bag is a strong net 
to which the basket is fastened 
(Figure 500). The basket is usu- 
ally made of bamboo or woven 
willow materials, which are very 
strong and light. In the side of- 
the balloon near the top is the rzp- 
ping panel. This consists of a light 
fabric sewed between two of the 
panels. When the rzpping-panel 
cord is jerked, the fabrie is torn 
open, and the gas escapes. This 
enables the aeronaut to make a 
quick descent. There is also a valve 
in the neck of the balloon, which is 
opened automatically and prevents 
the balloon from bursting if the 
pressure inside becomes too great. 


Balloons are filled with a lighter-than-air gas. To send a 
balloon up it is necessary to fill it with a gas which weighs 
much less than air. Hot air, coal gas, hydrogen, and helium 
have all been used for this purpose, because they are all lighter 


than air. 


Experiment 107: How are balloons inflated? 


(a) Make some soapy water by dissolving soap in warm water 


and adding a little glycerine. 


Attach a soap-bubble pipe to the gas 


jet by a rubber tube. Dip the bowl of the pipe in the soapy water, 
mouth downwards, and turn the gas on slowly. When the soap 
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bubble gets to be about four inches in diameter, shake it off. What 
does the bubble do? 

(b) A rubber balloon may also be filled with hydrogen. Generate 
a gallon bottle of hydrogen. To do this, place about 10 grams of 
zinc in the bottle and add 20 cubic centimeters of hydrochloric acid. 
Place the stopper in the bottle, as shown in Figure 501, but do not 
connect the rubber tube 
with the faucet. After a 
few minutes connect the 


gb Faucet 

tube which goes to the bot- FOS) 

tom of the bottle to the > 
faucet, and connect the 

other tube to the balloon. 

When the faucet is opened, 

the water will force the gas 

out of the bottle into the 

balloon. As soon as the 

balloon is completely in- 
flated, pinch the end of it so Hee Ee 
that the gas cannot escape, Z 
and tie it securely. Take Fig. 501. Filling a Toy Balloon 
it out doors, release it, and with Hydrogen 

see how high it goes. 


One thousand cubic feet of air at a pressure of thirty inches 
of mercury and a temperature of 60°F. weigh about 75 pounds. 
One thousand cubic feet of coal gas at the same temperature 
and pressure weigh but 373 pounds. The same volume of 
hydrogen weighs but 5 pounds. The lifting force of the gas in 
the balloon is the difference between the weight of air and the 
weight of the same volume of gas. For example, the lifting power 
of hydrogen is 70 pounds per thousand cubic feet. Why? What 
is the lifting power of 1,000 cubic feet of coal gas? To cal- 
culate how heavy a load a balloon can lift, you must know 
four things: the weight of the balloon, its volume, the weight 
of the air it displaces, and the weight of the gas used to 
inflate it. Suppose you wish to find the lifting power of a 
balloon inflated with coal gas, the volume of which is 100,000 
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cubic feet, and the weight 1,000 pounds. In order to see 
how this is done, arrange your data as shown below. 


Weight of balloon...1000 pounds Weight of air dis- 


Weight of 100,000 placed (100 x75) ...7500 pounds 
cu. ft. of coal gas Total weight of bal- 
CLOO DS hid as ets 3750 pounds loon and gas..... 4750 pounds 
Total weight of bal- Lifting power of bal- 
loon and gas..... 4750 pounds LOOnIIG Ad. oe eae 2750 pounds 


Ballooning requires great skill. Let us now see what the 
balloonist does when he goes on a trip. First he must inflate 
the bag. For this purpose he may have the bag suspended in 
the air, or it may be lying on the ground with the neck under- 
neath. If he uses hydrogen, it is only necessary to let the gas 
escape from big steel cylinders which contain the hydrogen 
under great pressure. As the gas rushes in, the bag grows 
larger and larger. At first the balloon displaces but little air, 
but as it swells it displaces more air. As a rule the bag is not 
fully inflated, because as it rises, the air pressure gets less, 
and the gas in the balloon expands. When the weight of the 
air displaced is greater than the weight of the balloon, the bag 
begins to tug at its moorings, and when released shoots up 
into the air. 

As it ascends, the gas inside the balloon expands, because the 
air pressure outside grows less. The automatic valve in the neck 
of the balloon opens when the pressure inside gets too great, 
and part of the gas escapes. The balloon continues to rise 
until it reaches a level where the air displaced equals the weight 
of the balloon. If the pilot wishes to go higher, he can throw 
out ballast. This usually consists of bags of sand. Relieved of 
this weight, the balloon will rise. If the pilot wishes to float 
at a lower level, he can open the valve and allow part of the 
gas to escape. Since the volume of the balloon becomes 
smaller, the balloon must sink to a lower level where the 
air is heavier. 
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All of this time the balloonist is at the mercy of the wind. 
He does not feel the slightest air movement, because his balloon 
is floating along at the same rate of speed as the wind. If he 
gets out of sight of land, he has no means of telling how fast 
he is going or in what direc- 
tion. As the balloon travels, it 
generally revolves slowly. Of 
course the basket turns with it, 
so that even the compass will 
not tell the pilot his direction. 
If it were not for the leakage of 
gas, a balloon could remain in 
the air indefinitely. But because 
of this leakage it must finally 
come down. When it nears the 
ground, the trazl rope is of great 
assistance 1n making a good 
landing. The trail rope is a 
heavy cable, and when the 
balloon comes so low that the 
rope touches the ground, the 
balloon is relieved of part of its GR 
weight and becomes more buoy- Fig. 502. Descending with a 
ant. As the balloon comes piles coos 
nearer to the ground, the drag. .'you ean see from the fields 
ging trail rope also cuts down _ jelow it. 
the speed of the balloon. 

One sometimes sees a balloonist jump from the balloon and 
descend in a parachute. The parachute is a large umbrella-like 
structure (Figure 502) which is opened by the air as the 
balloonist falls. The resistance of the air buoys it up, and thus 
causes a gentle descent. Just before the pilot jumps, he pulls 
the ripping panel, and if the balloon is filled with coal or wood 
gas, you can see the huge clouds of black smoke pouring out. 

A dirigible or airship is more complicated than an ordinary 
balloon. The dirigible balloon or airship must be long and 
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pointed, with a stream line, so that it may be driven into the 
wind (Figure 503). The bag must also be rigidly constructed, 


Pacific and Atlantic Photos 
Fig. 503. Dirigible Airships 
The Los Angeles is 656 feet long and holds 2,500,000 cubic feet of helium 
gas. At the time this picture was made, the other dirigibles were in the 
process of construction. The length of the G-Z-1 type is 900 feet. 


or nearly so. In one type of airship the bag is attached on the 
outside of a framework of aluminum which makes the bag rigid. 
Another type contains air bags, which, as the gas escapes, may 
be pumped full of air. The dirigible is propelled by gasoline 
engines which drive propellers, and is steered by a huge rudder 
at its rear. The first airship crossed the Atlantic in July, 1919. 
This ship was six hundred and forty feet long and had five 
engines, which altogether developed one thousand horse power. 
The Los Angeles, one of the later dirigibles, is 656 feet long and 
will carry more than forty tons of useful load. It has a cruising 
radius of about five thousand miles. The Shenandoah, built in 
America, has an effective lift of thirty tons and a cruising 
radius of four thousand miles. 
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- Helium gas is best for balloons and dirigibles. The chief 
danger of dirigibles and balloons is that of fire. Until a recent 
date the bags were always inflated with inflammable materials. 
In the search for a gas which was lighter than air and which 
would not burn, it was found that 
helium gas, which has a lifting power 
92 per cent as great as hydrogen, 
could be used. This gas, however, 
was too expensive to obtain until in 
1919, when a process was perfected 
in our country for securing it from 
natural gas. It is probable that with 
the wider possibilities which this gas 
presents, flying with dirigibles will ; 

finally be made as safe as travel on _‘Fi8: 504. How a Kite is 

NES Held up 

land and sea. 


Gravity 


Exercise 14._ A balloon weighs 1000 pounds. It is filled with 
hydrogen and has a lifting power of 1500 pounds. What is the size 
of the balloon? 

Exercise 15. Contrast the operation of a balloon and a boat. 


PROBLEM 5: HOW DO AIRPLANES MOVE THROUGH THE AIR? 


The airplane resembles the kite and the bird. Perhaps the 
simplest way to understand how an airplane lies is to see first 
what keeps a kite in the air. Figure 504 shows the forces which 
act upon a kite in the air. The wind strikes the under surface 
of the kite at an angle and produces two effects. One effect is to 
drive the kite upwards, and the other effect is to push it hori- 
zontally. The string keeps the surface of the kite facing the 
wind at the same angle. If the string were released, the kite 
would immediately come to the ground, because the force of 
the wind would straighten the kite out horizontally and there 
would be no upward push. Acting against the pull of gravity 
which tends to pull the kite down, is the upward force of the 
wind. The stronger the wind the greater this upward force 
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will be, and the higher the kite will go. When you run very 
rapidly against the wind, the kite keeps mounting in the air, 
because you are increasing the force of the wind against its 
surface. If you stop running, the kite will not go higher unless 
there is a very strong wind. If that part of the force of the wind 
which produces the upward lift becomes less than the force of 
gravity, the kite will fall to the ground. 


Underwood and Underwood 


Fig. 505. A Modern Type of Airplane 


Can you name the various parts of the plane, as shown in this picture? 


The airplane has been closely modeled after the bird (Figures 
505 and 506). The weight of its body is centered near the front, 
which counterbalances any tendency to whirl over backwards. 
Its wings are arched, with concave side downward, and are 
thicker in the front than in the back. The body tapers toward 
the ends. This cuts down the air resistance exactly as the 
body and head of a bird do. Its tail balances the effect of the 
wind on the planes so as to keep an even keel, and furnishes 
the means of steering. 
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The propeller blades bore through the air like a screw. Air- 
planes are always driven with powerful engines, because to 
remain in the air it is necessary to keep a speed of sixty miles 
an hour or more. The engine is cranked by turning the propeller, 
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Courtesy Popular Science Monthly 
Fig. 506. Comparison of a Water Bird and a Hydroplane 


For hundreds of years man has been trying to produce a machine 
which will fly through the air like a bird. Perhaps in the future he 


will accomplish this. 


just as an automobile is started with a crank. The propeller 
cuts through the air at the rate of fifteen hundred or more 
revolutions a minute. Its action is like that of a screw. If 
you start a screw into a block of wood and turn it with a screw 
driver, its curved edges will cut through the wood, pulling the 
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screw deeper and deeper into the wood. The blades of the 
propeller are curved in somewhat the same manner, and as they 
revolve they cut deeper and deeper into the air, pulling the 
airplane with them. Of course the air 
elevator is not solid like wood and does not 
offer as much resistance. Its resistance 
is enough, however, so that the pro- 
peller works its way through it with 
every revolution. When the propeller 
is placed in front, it is called a tractor, 
and when placed behind, a pusher. 

When an airplane is flying through 
the air at a hundred miles an hour, 
the force of the wind against it is the 
Fig. 507. Airplane Ele- same as if it were stationary and a 

vator Lowered hundred-mile gale were blowing. A 
_The backward -rushing wind of this speed is sufficient to blow 
air strikes the under face os ‘ 
of the elevator. This ex-. over trees and wreck buildings. {bic 
erts an upward pressure tremendous force of the wind is di- 
Capital kee rected against the front planes, the 
the plane downward. body, and the tail. As you recall, the 
body of the plane tapers toward both 
the front and rear, so that wind resistance on the body 
is greatly reduced. Furthermore, the wings, or planes, are 
not set at such an angle that they will get the full force of the 
wind. In fact, they are almost parallel with the plane. All 
these factors make it possible for the plane to exist in the face 
of the terrific wind resistance which it encounters when moy- 
ing at such high speed. 

The elevator governs the upward and downward course of 
the airplane. The front planes themselves are not placed at a 
great enough angle for the machine to “take off”? when it is on 
the ground. When the aviator wishes to ascend, the engine is 
started, and the propeller drives the machine along the ground. 
When the pilot is sure that the plane has gained sufficient speed, 
he pulls the proper lever, which lowers the elevator. The 
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elevator is a small, movable plane or rudder located on the tail. 
When it is lowered (Figure 507), the pressure of the wind pushes 
the tail of the plane off the ground. If the elevator is now raised, 
the pressure of the wind pushes the tail down and the head up 
(Figure 508). This allows the wind 
to strike the underside of the 
planes. The force of the wind lifts 
the airplane as it does the kite. 
In descending, the elevator is low- 
ered and the wind pressure lifts 
the tail and lowers the front planes, 
thus decreasing the angle at which 
the wind strikes the front planes. 
Moving up and down or flying at Fig. 508. Airplane Elevator 
5 : Raised 
a level is thus accomplished by 
Bo : As the plane speeds for- 
Biesraising Or lowering-of the ward the rush of air strikes 
elevator. the raised elevator and exerts 
: : a downward pressure on this 
The airplane is steered largely Sid oGttheNpnnO Tier einaaar 
by means of the vertical rudder or front upward. 
rudders. These offer resistance to 
the air current, just as the elevators do. By moving them to 
the right or left, the pilot can change the direction of the 


plane. 


Exercise 16. Outline the things an aviator must do to “take off,” 
ascend to an altitude of 1000 feet, fly at this level for a mile, and then 
. return to his starting place. 


Review Exercise on Unit XVII. (a) Turn back to the Preliminary 
Exercises and mark those which you answered incorrectly or failed 
to answer. Answer them at the end of your original answers. 

(6) Turn to the Table of Contents of Unit XVII and see if you can 
give satisfactory answers to each of the problems in this unit. If 
you cannot do so, study the text until you can. 


Review Exercise on Entire Book. Read “The Story of this Book” 
in the section entitled ‘To the Student,” and see how much more it 
means to you now than it did at the beginning of the course. 
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ADDITIONAL EXERCISES AND PROJECTS ON UNIT XVII 


1. State the advantages and disadvantages of transportation 
by land, by water, by air. 

2. Why is it easier to float in water if you take a deep breath? 

3. Is it easier to swim in fresh water or salt water? Explain. 

4. A flat-bottomed barge is twenty-five feet wide and one hun- 
dred feet long. How many thousand pounds of stone must be loaded 
to make it sink one foot more? 

5. If you can just float in water, what is the volume of your 
body? (Of course you know your own weight.) 

6. If you are on the east side of a lake in a sail boat and the wind 
comes from the west, how can you cross to the west side? 

7. A balloon has a capacity of 250,000 cubic feet, and is filled 
with hydrogen gas. The weight of the balloon and basket is 3000. 
pounds. How heavy a load will the balloon carry? 

8. If you have ever ridden in an airplane, write a report of your 
experience. 

9. Why does a heavy car ride more comfortably over a rough 
road than a light car? 

10. Why is it easier to steer an automobile on a muddy road 
when one is climbing a hill than when one is going down a hill? 

11. Make a survey of the transportation facilities of your town 
or community. 


REFERENCES AND GUIDE FOR 
ADDITIONAL STUDY 


Note to Students: The RererReNnces and Guipes To Rrerer- 
ENCES which follow will help you in two ways. First, they may 
be used for further study of any topic which you do not fully 
understand during your work on the various units of the course. 
Second, they will furnish you with many interesting topics and 
projects for investigation and will give you the page references 
to a great number of books written by scientists. 

The GENERAL REFERENCES (page 516) are books or en- 
eyclopedias which will likely be in the school and _ public 
libraries. These are general in nature and cover such a wide 
range of subjects that you will probably be able to find in them 
brief references to any topic or problem you may wish to in- 
vestigate. No page references are given for the GmrnnRAL 
REFERENCES. Use the index for each. 

Following the GENERAL REFERENCES you will find for each 
unit of the course: 

(1) RerereENces—a list of books and pamphlets, numbered 
in order. 

(2) GuipE TO REFERENCES—page references to the books and 
pamphlets listed under (1). The numbers in black type corre- 
spond to the numbers preceding the books and pamphlets 
listed under REFERENCES; the numbers following the black type 
give the page references to the books and pamphlets. (In 
case the entire book or pamphlet is devoted to the topic, the 
word “entire” follows the number of the book). Under the 
heading (A) GreNERAL are references to books and pamphlets 
which cover much the same subject-matter as that studied in 
the unit. Under (B) Specriric Topics you will find references 
to particular topics studied in each unit. 
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(3) Topics AnD Prosects For INvesTIGATION—a list of 
topics and projects which you may wish to investigate. These 
topics and projects are for students who complete the study 
of each unit ahead of their class or who, because of special 
interests or abilities, are given the privilege of doing extra 
work outside of class. The numbers following each topic refer 
to books or pamphlets in the list of RersreNnces. Con- 
sult with your teacher before undertaking one of the Topics 
or Projects. 


On page 570 you will find a list of books which you may use 
to investigate the life and work of DiscovERERS AND INVENTORS 
IN Science. This list of books is followed by an alphabetical 
list of persons who, through their work in the field of science, 
have made great contributions to human progress. After the 
name of each person are stated some of the principal “‘things”’ 
for which he is famous, and page references are given to the 
books in the list of books preceeding. 


The greater part of the bulletins and pamphlets listed under 
REFERENCES to the different units are publications of the 
United States Government. Where prices are given, the bulle- 
tins may be obtained from the Superintendent of Documents, 
Washington, D. C. Where prices are not given, the bulletins 
may be obtained free by writing to the various departments, 
bureaus, or services at Washington, D. C., and specifying the 
exact title and number. The various classes of bulletins sup- 
plied by each department, bureau, or service are indicated in 
the following list: 


Bureau or ANtMAL INDUSTRY Bureau or MINES 
Circulars Technical Papers 

Bureau oF CENSUS BuREAU OF STANDARDS 
Bulletins, Reports Circulars, Reprints 

BureEAvU OF EDUCATION CHILDREN’S BUREAU 
Bulletins Bulletins 

BureEAU OF FISHERIES Coast GuaRD 


Documents Bulletins 
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DEPARTMENT OF AGRICULTURE 
Farmers’ Bulletins, Agriculture 
Department Circulars, Agri- 
culture Bulletins, Agriculture 
Department Reprints, Agricul- 
ture Yearbook Separates 

DEPARTMENT OF INTERIOR 
Bulletins 

Forest SERVICE 
Bulletins 

GEOLOGICAL SURVEY 
Water Supply Papers 
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Pusuiic HEALTH SERVICE 
Reprints, Bulletins, Supple- 
ments, Keep-Well Series, Bulle- 
tins of the Hygienic Laboratory 


SIGNAL OFFICE 
Training Pamphlets 


War DEPARTMENT 
Documents 


WEATHER BUREAU 
Bulletins 


A few bulletins and pamphlets listed in the RererREences 


are published by private organizations. 


organizations are: 


The addresses of these 


Eye-sight Conservation Council Bulletins 
The Eye-sight Conservation Council of America, Times Bldg., 


New York City. 
Lick Observatory Circular 


Lick Observatory, San Jose, California 


Taylor Instrument Companies Pamphlets 
The Taylor Instrument Co., Rochester, N. Y. 


The Mentor 


The Mentor Association, Springfield, Ohio 


Yerkes Observatory Circular 


Yerkes Observatory, Williams Bay, Wisc. 
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GENERAL REFERENCES 


Bopmer, R. Book of Wonders. C. N. Casper and Co., Milwaukee, 
Wisc. 

Compton’s PicturED ENcycLopepiA (10 vols.). F. E. Compton and 
Co., Chicago 

Downinea, E. R. Our Physical World. University of Chicago Press, 
Chicago 

ENcYCLOPEDIA AMERICANA. Encyclopedia Americana -Corporation, 
New York City 

Hint, H.C. The Wonder Book of Knowledge. John C. Winston Co., 
Chicago. 

MarsHauu, L. C. The Story of Human Progress. The Macmillan 
Company 

Netson’s PerpetuaL LoosELEAF ENcycLopepia (12 vols.). Thomas 
Nelson and Sons, New York City 

Stosson, E. E. Chats on Science. The Century Company 

Stosson, E. E. Keeping up with Science. Harcourt, Brace and 
Company 

Tue ENcycLoPpaAEDIA BRITANNICA (29 vols.). The Encyclopaedia Bri- 
tannica Co., New York City 

Tue New INTERNATIONAL ENCYCLOPEDIA (23 vols.). Dodd, Mead and 
Co., New York City 

Tuomson, A. J. Outlines of Science (5 vols.). G. P. Putnam’s Sons, 
New York City 

Wiuiams, H. 8. The Wonders of Science in Modern Life (10 vols.). 
Funk and Wagnalls, New York City 

Wiuuiams, H.S. The Story of Modern Science (10 vols.). Funk and 
Wagnalls, New York City 
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UNIT I: THE EARTH ON WHICH YOU LIVE 
1. REFERENCES 
(A) Books 


. AsBort, C.G. Everyday Mysteries 


Baxsr, R.S. Boys’ Second Book of Inventions 

Barz, R.S. Star-Land 

Batt, R.8. An Atlas of Astronomy 

Batt, R.S8. The Story of the Heavens 

Barritt, L. The Dipper as a Guide to First-Magnitude Stars 
Bonn, A. R. The American Boy’s Engineering Book 


. Bonp, A. R. The Scientific American Boy at School 


Bowen, E. A. Astronomy by Observation 
Burns, E. E. The Story of Great Inventions 
Crark, E.C. Astronomy from a Dipper 
Couns, A. F. The Book of Stars 


. Corus, A. F. The Boy Astronomer 

. Corsin, T. The Romance of Submarine Engineering 

. Darrow, F. L. The Boys’ Own Book of Great Inventions 
. Darrow, F. L. Masters of Science and Invention 

. DuPuy, W. A. Uncle Sam, Wonder Worker 

. Fasre, J. H. The Story Book of Science 

. Fasre, J. H. This Earth of Ours 

. Fisuer, E. E. Resources and Industries of the United States 
. Fremina, R. M. Stories from the Early World 

. Forman, 8. E. Stories of Useful Inventions 

. Fournier v’Ausr, E. KE. Wonders of Physical Science 

. Gipson, C. R. Heroes of Science 

. Gieson, C. R. Chemistry and Its Mysteries 

. GrirritH, A. M. The Stars and Their Stories 

. Hare, G. E. The Study of Stellar Evolution 

. Hawxs,-E. The Boys’ Book of Astronomy 

. Hoxnpen, B.S. Stories of the Great Astronomers 


Hoxpen, E.S. Real Things in Nature 


. Honuanp, R.S. Historic Inventions 

. Houston, E. J. The Wonder Book of Light 

. JAcospy, H. Practical Talks by an Astronomer 
. Jounson, G. The Star People 

. Jounson, V. E. Modern Inventions 

. Lang, M. A. L. Triumphs of Science 

. Lopae, Srr Oxtver. Pioneers of Science 

. Martin, M. E. The Friendly Stars 
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39. Martin, M. E. The Ways of the Planets 

40. McFrxr,I.N. Secrets of the Stars 

41. McKreapy, K. A Beginner’s Star Book 

42. Mirron, G. E. The Children’s Book of Stars 

43. Oxcort, W. T. The Book of the Stars 

44, Oxcorr, W. T. In Starland with a Three-Inch Telescope 

45. Oucorr, W. T. The Book of the Stars for Young People 

46. Overton, G. L. Clocks and Watches 

47. Porrmr, J.G. The Stars in Song and Legend 

48. Procror, M. Stories of Starland 

49. Procror, R. A. A Star Primer 

50. Procror, R. A. Easy Star Lessons 

51. Procror, R. A. The Southern Skies 

52. Procror, R. A. Our Place Among the Infinities 

53. Rocsrs, J. E. Earth and Sky Every Child Should Know 

54. Rout-WHEELER, F. The Polar Hunters 

55. Spptpey, H.G. The Story of the Earth 

56. Srrrs, A. W. The Earth and Its Life 

57. Serviss, G. P. Astronomy with the Naked Eye 

58. Sperviss, G. P. Around the Year with the Stars 

59. Spron, E. T. anp BapEN-PowWELL, Str Roserr. Boy Scouts of 
America: Official Handbook 

60. Smauy, S. A. The Boys’ Book of the Earth 

61. Tappan, E. M. Makers of Many Things 

62. VerriuL, A. H. The Ocean and Its Mysteries 

63. WasHBURNE, C. W. anp H.C. The Story of the Earth 

64. Wiiiiams, A. How It Works 

65. Wruuiams, A. A Book of the Sea 

66. Wrutiams, H.S. The Conquest of Sea and Land 

67. Woopnut., J. F. Electricity and Its Everyday Uses 

68. Wricut, H.C. Children’s Stories of the Great Scientists 


(B) PamMpuuets AND BULLETINS 


69. Bureau or STANDARDS CrrcuLtaR No. 51. “Measurement of Time 
and Tests of Timepieces.” 15¢. 
70. Tue Mentor. ‘The Latest Marvels of Astronomy.” 35¢. 
71. Tue YerKrs OBSERVATORY descriptive circular. 
72. Tur Lick OBseRvaToRY descriptive circular. 25¢. 
Tue Menror: 
73. “The Earth’s Voyage.” 35¢. 
74. “Keeping Time.” 25¢. 
75. “Our Planet Neighbors.” 25¢. 
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76. 
id 
78. 


10. 
11. 


“Calendars and Almanacs.” 25¢. 

“Karthquakes and Volcanoes.” 35¢. 

Bureau or STanparps Crircuar No. 55. ‘‘Measurements for the 
Household.” 25¢. 


2. GUIDE TO REFERENCES 


(A) GENERAL 


9: (entire). 27: (104 plates). 30: 1-43. 56: (entire). 70: (entire). 
(Consult also any elementary textbook on astronomy.) 


(B) Speciric Topics 


- Constellations. 6: (entire). 11. (entire). 12: 166-184. 13: 75-151. 


26: (entire). 33:10-17. 34: (entire). 38:177-246. 40: 200-243. 
42: 148-158. 43:5-340. 43: (entire). 44: (entire). 49: (entire). 
50: (entire). 51: (entire). 53: 201-244. 57:1-170. 58: (entire). 
59: 107-111. 


. The Size, Shape, and Movement of the Earth. 18: 227-249. 19: 3-13. 


19: 72-82. 73: (entire). 


. Stars. 3: 296-325. 12: 1-28. 13: 44-74. 28: 190-210. 33: 37-46. 


38: (entire). 40: 1-20. 40: 182-199, 41: 9-17. 41: 22-61. 42: 135-147. 
42: 159-196. 44: (entire). 45: (entire). 47: (entire). 49: (entire). 
50: (entire). 51: (entire). 58: (entire). 59: 99-106. 


. Meteors and Comets. 3: 238-296. 4: Plates 15 and 16. 5: 336-371. 


12:112-117. 13:211-218. 28:159-190. 40: 135-158. 40: 169-181. 
41: 93-96. 42:103-134. 52: 71-108. 60: 92-94. 67: 333-338. 


. Nebulas. 3: 330-345. 4: Plates 14. 12:118-120. 28:241-252. 33: 


27-36. 40: 158-168. 41:17-21. 42: 197-207. 


. Sun. 1: 163-184. 3:1-69. 4:Plate 17. 12: 29-45. 13: 152-163. 


18: 250-256. 28: 26-57. 40: 21-43. 41: 62-69. 42: 89-102. 60: 88-90. 


. Moon. 3:70-125. 4: Plates 7 and 28-42. 12:89-99. 12: 144-148. 


13: 195-201. 19: 26-36. 28: 70-84. 33: 199-209. 40: 119-134. 41: 
69-80. 42:21-31. 57: 226-240. 60: 90-92. 


. Tides. 12:99-105. 13:202. 14:165-178. 19: 306-324. 42: 29-31. 


62: 66-80. 64: 452-455. 65: 416-429. 


. Planets. 3:120-238. 4: Plates 3 and 11. 13:170-181. 28: 97-159. 


33:58-68. 33:140-151. 39: (entire). 40: 79-118. 41:83-93. 42: 
48-88. 57: 187-225. 75: (entire). 

Gravity. 16: 13-26. 19: 14-25. 24: 107-133. 

Time. 12:151-165. 13:191-195. 13: 224-228. 33:111-130. 46: 
1-10. 66: 24-26. 69: (entire). 74: (entire). 78: 126-135. 
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12. Seasons. 4:Plate 5. 12: 72-76. 13:182-191. 18: 264-270. 19: 
54-71. 


13. Dayand Night. 18: 257-264. 19: 37-54. 


14. Solar System. 12: 46-65. 13: 164-170. 16: 63-66. 28:92-97. 40: 
67-79. 42:1-20. 42: 32-48. 60: 85-88. 


15. Eclipse of Sun. 12: 110-112. 13: 207-211. 28:57-70. 42: 28-29. 
16. Eclipse of Moon. 4: Plate 5. 12: 107-110. 13: 204-207. 42: 26-28. 


3. TOPICS AND PROJECTS FOR INVESTIGATION 


1. History of Astronomy. 26: 217-253. 28: 1-10. 

2. The Origin of Our Present Calendar. 24: 134-163. 56: 168-183. 76: 
(entire). 

3. The Story of the Earth. 19: (entire). 21: (entire). 40:44-65. 53: 
3-197. 55: (entire). 56: 7-32. 58: 293-403. 60: 1-213. 63: 3-21. 

4. Modern Astronomical Observatories. 27: (entire). 36:14-32. 71: 

(entire). 72: (entire). 
5. The Ocean. 1: 124-1386. 18: 358-368. 19: 278-288. 62: 16-36. 
6. Photographing the Heavenly Bodies. 12: 185-188. 33: 81-110. 
7. The Sun as a Source of Power. 1: 172-178. 2: 153-172. 35: 166-173. 
8. How to Make and Use Star Finders. 7: 70-86. 13: 15-28. 
9. Formation of Soil. 20: 5-18. 53:44-71. 56: 25-82. 

10. Star Legends and Myths. 26: (entire). 43: (entire). 47: (entire). 
57: 1-170. 

11. How to Make a Simple Telescope. 15: 376-377. 

12. Astronomical Telescopes. 3:87-97. 3:215-220. 13:29-44. 13: 
219-224. 16:3-12. 16: 58-63. 16: 135-139. 24: 188-213. 28: 10-26. 
31: 53-69. 32: 97-111. 33:170-183. 41: 97-115. 

13. Primitive Methods of Keeping Time. 1:51-59. 10:9-18. 16: 3-12. 
22: 211-226. 23:50-64. 46:11-24. 64: 410-413. 

14. How to Make Simple Devices for Keeping Time. 8: 219-233. 33: 
69-80. 

15. The Composition of Stars. 3:3825-330. 25: 217-233. 

16. Earthquakes and Volcanoes. 17: 71-83. 18: 322-328. 18: 337-343. 
19: 96-189. 60: 253-272. 77: (entire). 

17. Glaciers. 19: 237-249. 53: 98-109. 

18. Clocks and Watches. 1:56-59. 10:9-18. 46:99-116. 61: 64-72. 
64: 413-4380. 78: 126-135. 
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19. Distances between Heavenly Bodies and How They Are Measured. 
3: 16-18. 3:310-318. 33: 152-160. 38: 148-161. 


20. Locating the Visible Planets. (See references under ‘‘Planets.’’) 
21. The Milky Way. 57: 171-181. 


22. Discoverers and Inventors in Science. (See also page 570.) 
Clark, Alvan. 16: 135-139. 
Einstein, Albert. 16: 18-26. 
Galilei, Galileo. 10: 9-18. 15: 367-372. 16:3-12. 31:53-69. 23:50- 
64. 24: 76-106. 33: 47-57. 
Herschel, William and Caroline. 16: 58-63. 24: 188-213. 37:274- 
293. 
La Place, Pierre de. 16: 63-66. 
Newton, Isaac. 16:13-17. 24: 107-133. 
The Earliest Astronomers. 23:11-22. 56: 169-183. 


UNIT II: CLIMATE AND WEATHER 
1. REFERENCES 
(A) Booxs 


. ArcHIBALD, D. The Story of the Earth’s Atmosphere 

. Boiron, H.C. Evolution of the Thermometer (1592-1743) 
Bonp, A. R. The American Boys’ Engineering Book 
DuPuy, W. A. Uncle Sam’s Modern Miracles 

Fasre, J. H. This Earth of Ours 

Fasre, J. H. The Story Book of Science 

Fournier p’ALBE, E. E. Wonders of Physical Science 

. Haskin, F. J. The American Government 

. Harrineton, E.8. All about the Weather 

10. Housron, E. J. The Wonder Book of the Atmosphere 

11. Lonesrreru, T. M. Reading the Weather 

12. McApis, A. Wind and Weather 

13. Miaui, L. C. The Early Naturalists: Their Lives and Work 
14. Purp, J.C. The Romance of Modern Chemistry 

15. Rogers, J. E. Earth and Sky Every Child Should Know 
16. Rovt-Wueeier, F. The Boy with the U.S. Weather-Men 
17. Seers, A.W. The Earth and Its Life 

18. SHater, N.S. Aspects of the Earth 

19. Wiui1ams, A. How It Works 

20. Witurams, A. Thinking It Out 
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(B) PAMPHLETS AND BULLETINS 


FARMERS’ BULLETINS: 
21. No. 104. “Notes on Frost.” 5¢. 
22. No. 842. ‘Modern Methods of Protection against Lightning.’’ 5¢. 
23. No. 1096. ‘Frost and the Prevention of Damage by It.” 5¢. 
24. AcRIcULTURE Buuiettn, No. 821. “Frost Protection in Lemon Orch- 
ards.” 10¢. 


U.S. Weather Bureau BULLETINS: 

25. No. 42. “Weather Forecasting.” 5¢. 

26. No. 41. ‘Forecasting Frost in the North Pacific States.” 10¢. 

27. No. 80. “Instruction to Storm-warning Display Men of the Weather 
Bureau.”’ 5¢. 

28. ‘The Weather Bureau”’ (free) 

29. “Explanation of the Weather Maps’”’ (free) 

30. ‘‘Wind-Barometer Table”’ (free) 

31. “The Daily Weather Map with Explanations.” 5¢. 

32. DEPARTMENT OF AGRICULTURE YEARBOOK SEPARATE (1915). “Stories 
of the Atmosphere.” 5¢. 

33. DEPARTMENT OF AGRICULTURE YEARBOOK SEPARATE No. 635. 
(1914) “Story of the Thermometer and Its Uses in Agriculture.” 5¢. 


TayLor INSTRUMENT COMPANIES PAMPHLETS: 
34. “Practical Hints for Amateur Weather Forecasters.’’ 10¢. 
35. ‘The Barometer Book.” 10¢. 
36. “The Barometer as the Foot-Rule of the Air.”’ 10¢. 
37. “Humidity: Its Effect on Our Health and Comfort.’’ 10¢. 
38. “The Mountains of Cloudland and Rainfall.’’ 10¢. 
39. “The Thermometer and Its Family Tree.’’ 10¢. 
40. “Weather and Weather Instruments.” 50¢. 
41. Tae Mentor. ‘The Weather.” 25¢. 


BuREAU OF STANDARDS CIRCULARS: 
42. No. 75. ‘Safety for the Household.” 25¢. 
43. No. 55. ‘Measurements for the Household.’ 
44. WeatHerR Buuietin. “Instructions for Volunteer Observers.’’ 5¢. 


2. GUIDE TO REFERENCES 
(A) GENERAL 


6: (entire). 10: (entire). 12: (entire). 16: (entire). 25: (entire). 
32: (entire). 41: (entire). (Consult also any elementary textbook 
on physiography.) 
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1 


2 


° 


(B) Srreciric Topics 


Temperature and Thermometers. 1: 31-63. 2: (entire). 11: 86-98. 
13: 244-248. 33: (entire). 39: (entire). 

Clouds. 6: 181-186. 9: 76-92. 11:65-75. 14: 180-192. 38: (entire). 
40: 103-114. 


- Rain, Snow, Dew, Frost, Sleet, and Hail. 1: 106-124. 6: 192-200. 


9:73-76. 9: 92-98. 9:166-173. 11:99-115. 40: 123-127. 


. Air Pressure and the Barometer. 1:25-31. 7:65-79. 9: 33-48. 


20: 217-220. 20: 225-226. 35: (entire). 36: (entire). 


- Wind. 1:64-93. 9: 48-59. 11: 76-85. 18: 212-222. 40: 123-143. 
. “Highs” and “Lows.” 1: 125-138. 9:99-146. 11: 42-63. 
. The Weather Bureau and Weather Forecasting. 4: 28-41. 8: 227-236. 


9: 203-210. 25: (entire). 28: (entire). 29: (entire). 30: (entire). 
31: (entire). 34: (entire). 44: (entire). 


. Weather Signals. 11: 193-195. 27: (entire). 
. Climate. 5: 223-236. 17: 199-208. 


3. TOPICS AND PROJECTS FOR INVESTIGATION 


. How to Make an Anemometer. 3: 295-298. 
. Frost Protection. 16:180-210. 21: (entire). 23: (entire). 24: 


(entire). 26: (entire). 


. Hurricanes. 11: 133-138. 16: 228-311. 18: 226-256. 
. Land and Sea Breezes. 18: 226-227. 
. Lightning and Protection against It. 1:159-162. 9:180-186. 16: 


312-336. 22: (entire). 40:117-120. 42: 45-53. 


. How to Make a Rain Gauge. 3: 298-300. 

. Tornadoes. 9: 156-165. 11: 129-132. 16: 255-279. 18: 226-256. 

. Weather Lore and Weather Proverbs. 11:175-192. 40: 6-23. 

. Interesting Temperatures. 43: 67. 

. Thunderstorms. 1: 159-162. 9: 174-186. 

. Humidity and Its Measurement. 9: 66-92. 37: (entire). 43: 108-117. 
. Manufacture of Thermometers. 2: (entire). 39: (entire). 40: 75-90. 
. Home Uses of the Thermometer. 43: 38-55. 

. Weather Instruments. 11: 147-156. 19:325-331. 35: (entire). 36: 


(entire). 40: (entire). 43: 118-121. 


. Composition of the Air. 15: 35-43. 
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How to Build an Electric Weather Vane. 3: 288-294. 
Discoverers and Inventors in Science. (See also page 570.) 
Fahrenheit, Gabriel. 2: 66-79. 

Franklin, Benjamin. 7: 109-113. 

Galilei, Galileo. 7: 65-79. 2: 14-25. 

Guericke, Otto von. 7: 80-88. 

Torricelli. 7: 65-79. 


UNIT III: PROVIDING A GOOD FOOD SUPPLY 
1. REFERENCES 
(A) Booxs 


. Appot, G.G. Everyday Mysteries 


Baitny, E. H. 8. anp H.S. Food Products from Afar 
Baker, R. 8. Boy’s Second Book of Inventions 
Bassett, 8. W. The Story of Sugar 

Brooks, E.C. The Story of Corn 

Carpenter, F.O. Foods and Their Uses 


. Couns, A. F. Wonders of Chemistry 

. Couuins, A. F. The Amateur Mechanic 

. Coney, E. Nutrition and Diet 

. Conn, H. W. Bacteria, Yeasts, and Molds in the Home 

. Crisspy, F. The Story of Foods 

. Earun, A. M. Home Life in Colonial Days 

3. Fasre, J. H. The Wonder Book of Chemistry 

. Fisupr, E. E. Resources and Industries of the United States 
. Gittert, L. H. Food for Health’s Sake 

. Green, M. E. Food Products of the World 

. Greer, E. Food—What It Is and Does 

. Haskin, F. J. The American Government 

. Ketioce, J. H. The Battle Creek Sanitarium Diet List 

. Lipman, J. G. Bacteria in Relation to Country Life 

. Mitts, J. C. Searchlights on Some American Industries 

. Morris, C. Home Life in All Lands, Book I 

. Morris, C. Home Life in All Lands, Book II 

. Mowry, W. A. anp A. M. American Inventions and Inventors 
5. Newsiarn, M. I. Tillers of the Ground 

. O’Suna, M. V. anp Kextuioa, J. H. Making the Most of Life 
. Pack, A. N. Our Vanishing Forests 

. Reynotps, M. J. How Man Conquered Nature 

. RocueiBav, W. F. Great American Industries, Vol. II 
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30. RocueLrau, W.F. Great American Industries, Vol. III 

31. Sanrorp, A. H. The Story of Agriculture in the United States 
32. Surrace,G.T. The Story of Sugar 

33. Tappan, E. M. Travelers and Traveling 

34. Tappan, E. M. The Farmer and His Friends 

35. Wiuvarp, F. anp Giutett, L. H. Dietetics for High Schools 
36. WixuiaAms, H.S. Tribute From the Animal World 

37. Wricut, 8S. The Romance of the World’s Fisheries 


(B) PAMPHLETS AND BULLETINS 


FARMERS’ BULLETINS: 


38. No. 85. “Fish as Food.” 5¢. 

39. No. 256. “Preparation of Vegetables for the Table.”’ 5¢. 
40. No. 291. “Evaporation of Apples.” 5¢. 

41. No. 477. “Sorghum Sirup Manufacture.” 5¢. 

42. No. 487. ‘Cheese and Its Economical Uses in the Diet.’ 

43. No. 535. “Sugars and Its Value as Food.” 5¢. 

44. No. 565. ‘“Corn-Meal as Food, and Ways of Using It.” 

45. No. 653. “Honey and Its Uses in the Home.”  5¢. 

46. No. 805. “Drainage of Irrigated Farms.” 5¢. 

47. No. 817. ‘Cereal Foods.” 5¢. 

48. No. 824. ‘Foods Rich in Proteins.” 5¢. 

49. No. 841. “Drying Fruits and Vegetables in the Home.” 5¢. 
50. No. 876. ‘Making Butter on the Farm.” 5¢. 

51. No. 879. “Home Storage of Vegetables.” 5¢. 

52. No. 712. ‘School Lunches.” 54. 

53. No. 808. ‘What the Body Needs.”  5¢. 

54. No. 881. ‘Preservation of Vegetables.” 5¢. 

55. No. 1313. “Good Proportions in Diet.” 5¢. 

56. No. 1359. ‘Milk and Its Uses in the Home.” 5¢. 

57. No. 1366. ‘Production of Maple Sirup and Sugar.” 5¢. 
58. No. 1374. “Care of Food in the Home.” 5¢. 

59. No. 1383. ‘Food Values and Body Needs.” 10¢. 

60. No. 976. ‘Cooling Milk and Cream on the Farm,” 5¢. 

61. No. 984. ‘Farm and Home Drying of Fruits and Vegetables.” 5¢. 
62. No. 1034. “Growing Sugar Cane for Sirup.” 5¢. 

63. No. 1078. “Harvesting and Storing Ive on the Farm.”  5¢. 
64. No. 1109. ‘Preserving Eggs.” 

65. No. 1136. “Baking in the Home.” 10¢. 

66. No. 1186. ‘Pork on the Farm; Killing, Curing, and Canning.” 10¢. 
67. No. 1191. ‘Making American Cheese on the Farm.”  5¢. 
68. No. 1236 ‘Corn and Its Uses as Food.” 5¢. 
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AGRICULTURE BULLETINS: 

No. 467. ‘Food Values and Uses of Poultry.” 5¢. 

No. 468. ‘Potatoes, Sweet Potatoes, and Other Starchy Roots as 
Foods.” 5¢. 


. No. 469. ‘Fats and Their Economical Use in the Home.” 5¢. 


No. 471. “Eggs and Their Value as Food.” 5¢. 
No. 637. “Methods of Calculating Economical Balanced Ration.” 


. No. 995. “The Beet-Sugar Industry in the U.S.” 20¢. 
. No. 1141. ‘Evaporation of Fruits.’’ 


AGRICULTURE DEPARTMENT CIRCULARS: 
No. 129. ‘Milk for the Family.” 5¢. 


. No. 300. ‘Commercial Cuts of Meat.” 5¢. 


. EXPERIMENT STATION BULLETIN No. 28. ‘‘Chemical Composition of 


American Food Materials.” 10¢. 


. AGRICULTURE- YEAR Book Separate No. 745. “Service of Cold 


Storage in Conservation of Food Stuffs.” 5¢. 


BurEAv oF FisHERIES DocumEnT No. 976. “Fishery Industries of 
the U.S.” 25¢. 


. CHi~pREN’s BurEAv Buuuetin No. 35. ‘Milk, the Indispensable 


Food for Children.” 5¢. 


. Puspiic HEALTH SERVICE Reprint No. 85. ‘Methods and Standards 


for the Production of Certified Milk.’ (Free.) 


. Pusiic HEALTH SERVICE BULLETIN No. 102. ‘‘A Home-made Milk 


Refrigerator.” 5¢. 


. BuREAU OF STANDARDS Crrcutar No. 55. ‘Measurements for the 


Household.” 25¢. 


2. GUIDE TO REFERENCES 


(A) GENERAL 


2: 412-123. 4:97-120. 6: (entire). 9: (entire). 11: (entire). 15: 
(entire). 34: (entire). 


(B) Srrciric Topics 


1. Kinds of Food Stuffs and Their Use by the Body. 6: 5-24. 9: 18-35. 


2. 


16: 7-14. 35: 28-58. 


Sources of Foods. 2:3-14. 16:1-5. 23: 133-213. 24:131-143. 25: 
115-140. 
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3. 


6. 


10. 
1]; 


Selection of a Balanced Ration. 9: 43-102. 19: (entire). 35: 15-27. 
35: 77-147. 52: (entire). 53: (entire). 55: (entire). 59: (entire). 73: 
(entire). 78: (entire). 


- Methods of Cooking Foods. 6: 190-196, 39: (entire). 44: (entire). 


47: (entire). 48: (entire). 64: (entire). 


. Preservation of Food. 1:34-41. 6:188-196. 10: 139-196. 16: 431- 


446. 54: (entire). 58: (entire). 64: (entire). 
Plant Growth and Sunshine. 1:179-184. 13: 323-344. 


3. TOPICS AND PROJECTS FOR INVESTIGATION 


. Early Methods of Producing, Storing, and Cooking Foods. 12: 108-165. 


24: 104-110. 25: 37-49. 36: 1-8. 

The Production and Preparation of Food from Wheat, Corn, Rice, and 
Other Cereals. 2: 125-150. 5: (entire). 6: 24-67. 6:30-54. 9: 108- 
127. 11:36-86. 14: 33-55. 16: 163-175. 29:124-178. 34: 28-44. 
68: (entire). 


. Dairy Products and How They Are Made. 2:61-79. 6: 136-144. 9: 


180-201. 11: 146-186. 16:103-130. 20: 416-430. 42: (entire). 50: 
(entire). 56: (entire). 60: (entire). 67: (entire). 76: (entire). 81: 
(entire). 82: (entire). 


. Fishing and the Sea-Food Industry. 2: 254-270. 6:126-135. 11: 


247-312. 14:91-99. 16:55-82. 18: 267-272. 36:153. 37: (entire). 
38: (entire). 80: (entire). 


. Foods of Many Lands. 2:151-175. 2: 271-283. 6:1-5. 6: 203-210. 


22: 13-49. 25: 50-76. 28: 84-108. 


. Sugars and Their Manufacture (Cane, Beet, Maple, and Sorghum). 


2: 176-190. 4: (entire). 6: 86-100. 7:114-118. 11: 187-193. 11: 
428-441. 14:52-62. 16:239. 21:61-84. 27:67-74. 29: 51-88. 32: 
(entire). 34:22-27. 34:58-65. 41: (entire). 43: (entire). 45: (en- 
tire). 57: (entire). 62: (entire). 74: (entire). 


. Fruits and Nuts. 2:25-41. 2:80-124. 2:245-253. 6:67-74. 9: 


145-151. 11:87-124. 11:412-427. 14: 68-71. 16: 217-238. 25: 
76-115. 34:15-21. 34: 45-57. 


. Vegetables and Their Use as Food. 9:129-144, 11: 125-145. 14: 


71-76. 51: (entire). 


. Poultry and Poultry Products. 9:174-179. 11: 194-200. 16: 47-53. 


36: 76-98. 69: (entire). 72: (entire). 
Fats—Animal and Vegetable. 2: 42-60. 11: 238-246. 71: (entire). 


Vitamines. 1:110-115. 35: 71-76. 
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. The Inventor and the Food Problem. 3: 173-206. 
. Beverages. 2:191-205. 2:227-244. 6: 147-182. 9: 152-155. 11: 


366-411. 


. Spices and Condiments. 11: 442-456. 16: 83-107. 
. The Meat Packing Industry (Cattle, Hogs, Sheep). 6: 109-123. 


6: 102-125. 9:156-173. 11:201-237. 14:76-88. 16: 15-42. 30: 
100-126. 36:60-75. 36:177-190. 77: (entire). 


. Commercial Methods of Canning Foods. 11: 313-340. 

. Killing, Curing, and Canning Pork. 66: (entire). 

. Experiments with Molds, Bacteria, and Yeasts. 10: 269-285. 

. Ice and the Refrigeration of Food. 8:157-165. 10: 148-156. 32: 


26-35. 63: (entire). 79: (entire). 83: (entire). 


. Micro-Organisms Which Spoil Food (Bacteria, Yeasts, and Molds). 


10: 1-85. 10: 100-138. 


. Pasteurization of Milk. 10: 182-196. 20: 388-394. 
. Uses of Thermometers in Cooking. 84: 38-55. 
. Preserving Foods by Drying. 10: 139-148. 11: 341-357. 40: (entire). 


49: (entire). 61: (entire). 


. Potato—Irish and Sweet. 16: 193-199. 34: 9-14. 49: (entire). 70: 


(entire). 


. The Beginning of Agriculture. 25: 37-49. 
. Irrigation, Drainage, and Dry Farming. 14: 13-26. 25:13-26. 31: 


332-344. 46: (entire). 


. Condensed Foods. 11: 358-365. 16: 108-115. 


UNIT IV: OBTAINING A GOOD WATER SUPPLY 
1. REFERENCES 
(A) Booxs 


. Apporr, C. G. Everyday Mysteries 

. Auten, J. K. Sanitation in the Modern Home 

. Basuorn, H. B. The Sanitation of a Country House 
. Bonn, A. R. On the Battlefront of Engineering 

. Bonp, A. R. With Men Who Do Things 

. Corrinip, W. H. Sewerage and Sewage Utilization 

. Carpenter, F. G. How the World is Housed 

. Coxuurns, A. F. Wonders of Chemistry 

9. Conuins, A. F, The Amateur Mechanic 

. Fasre, J. H. This Earth of Ours 
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11. 
12. 
13. 
14, 
15. 
16. 


Whe 
18. 
19. 
20. 


34, 


35. 
36. 


Garnett, W. A Little Book on Water Supply 

Knox, G. D. All About Engineering 

Lang, M. A. L. Triumphs of Science 

Lipman, J. G. Bacteria in Relation to Country Life. 

LynvrE, C. J. Home Water Works 

PruppEen, T. M. Drinking Water and Ice Supplies and Their Reta- 
tion to Health and Disease 

Rocers, J. E. Earth and Sky Every Child Should Know 

Wiuiams, A. How It Works 

Wixuiams, A. The Romance of Modern Engineering 

Wiuuiams, A. Thinking It Out 


(B) PAMPHLETS AND BULLETINS 


FARMERS’ BULLETINS: 


. No. 941. ‘Water Systems for Farm Homes.” 10¢. 
. No. 1227. “‘Sewage and Sewerage of Farm Homes.” 5¢. 
. No. 1426. “Farm Plumbing.” 10¢. 


. AGRICULTURE YEAR Boox Suparate No. 712. “Sewage Disposal 


on the Farm.” 5¢. 


. DEPARTMENT oF INTERIOR BULLETIN No. 257. ‘Well-drilling Meth- 


ods.” 15¢. 


. Pusiic Heatts ServicrE SupptementT No. 39. ‘Factors Governing 


the Protection and Selection of Sources of Water Supply.” 5¢. 


. Pusiic HEALTH SERVICE Report Reprint No. 580. ‘Treatment of 


Disposal of Sewage.” 10¢. 


. Pustic HeatraH Service Report Reprint No. 397. ‘Drinking 


Fountains.” 5¢. 


. Pusuic Hearts ServicE Reprint No. 76. “The Necessity for Safe 


Water Supplies in the Control of Typhoid Fever.” 5¢. 
Pusuic HeautH Service BULLETINS: 


. No.7. “The Sanitary Privy.” 5¢. 
. No. 70. “Good Water for Farm Homes.” 
. No. 89. “A Sanitary Privy System for Unsewered Towns and 


Villages.” 


. No. 101. “Studies of the Methods for the Treatment and Disposal 


of Sewage.” 25¢. 

GroLogicaL SURVEY WATER-SUPPLY PapER No. 416. ‘The Divining 
Rod.” 

Bureau or STANDARDS CIRCULARS: 

No. 55. “Measurements for the Household.” 25¢. 

No. 75. ‘Safety for the Household.” 25¢. 
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2. GUIDE TO REFERENCES 


(A) GENERAL 
11: 1-100. 


(B) Speciric Topics 


1. The Cycle of Water in Nature. 15: 27-35. 16:6-37. 17: 51-58. 


2. Sources of Water Supply. 10: 264-277. 13: 138-146. 15: 36-67. 19: 
366-377. 


3. Locating and Building Wells. 3: 29-46. 11:57-66. 15:36-59. 16: 
78-100. 25: (entire). 34: (entire). 


4. Supplying Water by the Force of Gravity. 15: 120-131. 
5. Pumps and How They Work. 9:57-60. 15: 68-119. 

6. Plumbing. 2: 169-82. 15: 244-255. 23: (entire). 
7 


. Preventing the Pollution of the Water Supply. 3:47-70. 14: 61-76. 
14: 90-98. 16:54-77. 26: (entire). 29: (entire). 


8. Purification of Water Supplies. 8: 26-28. 9:47-49. 11:78-86. 14: 
77-89. 16: 101-114. 


9. Hot Water Supply. 2: 183-192. 18: 386-391. 36: 73-75. 


3. TOPICS AND PROJECTS FOR INVESTIGATION 


. Centrifugal Pumps. 20: 146-148. 

. Hydraulic Rams. 9:105-110. 15:181-192. 20: 204-208. 

. Pneumatic House-System of Water Supply. 9:51-56. 15: 132-146. 
. Aqueducts. 4:41-68. 5: 123-136. 11: 12-57. 


. Famous Water Supply of Great Cities. 4: 41-68. 5: 123-136. 7:325- 
331. TIS19-21. 11: 105-138). 12: 106-122" “19% 55-82. 


. Power Appliances for Distributing Water. 15: 159-230. 


a FF WwW N 
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. Sewage and Sewage Disposal. 6: (entire). 14: 103-124. 22: (entire). 
24: (entire). 27: (entire). 30: (entire). 32: (entire). 33: (entire). 


8. Drinking Fountains. 28: (entire). 

9. The Properties and Composition of Water. 1: 1-30. 

10. The Farm Water Supply. 21: (entire). 30: (entire). 31: (entire). 
11. Obtaining Water in Foreign Lands. 7: 317-325. 11: 22-66. 

12. Water Meters. 35: 102-107. 
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UNIT V: KEEPING IN GOOD PHYSICAL CONDITION 
1. REFERENCES 
(A) Booxs 


. ALLEN, J. K. Sanitation in the Modern Home 

. Camp, WatTER. The Book of Sports and Games 

Cuapin, H. D. Health First, the Fine Art of Living 

Cote, N. B. anp Ernst, C. H. First Aid for Boys 

. Couins, A. F. The Book of Stars 

Contry, E. Nutrition and Diet 

Duties, C. W. Accidents and Emergencies 

Fasre, J. H. The Wonder Book of Chemistry 

Fisuer, I. anp Lusk, E. L. How to Live 

Gipson, C. R. Chemistry and Its Mysteries 

. Gopinez, F. L. The Lighting Book 

. Houston, E. J. The Wonder Book of Light 

. Howeii, W.H. The Human Machine 

. Hurcuinson, W. Community Hygiene 

. Hutcutinson, W. Exercise and Health 

. Ketxoae, J. H. The Itinerary of a Breakfast 

. Lyncu, C. American Red Cross Textbook on First Aid and Relief 
Columns 

. McLauveuuin, A. J. Personal Hygiene 

. Moopy, C. 8. Backwoods Surgery and Medicine 

. O’SHea, M. V. ann Ketioae, J. H. Making the Most of Life 

. PruppeEn, T. M. The Story of the Bacteria 

. Townez, R.S. Your Teeth 

. Wiuxtams, A. How It Works 


(B) PAMPHLETS AND BULLETINS 


Pusuic Hearty SeRvICE—KeEEP WELL SERIES: 

. No. 11. “Malnutrition.”  5¢. 

. No. 13. “Good Teeth.” 5¢. 

. No. 5. ‘The Safe Vacation.” 5¢. 

. No.3. ‘How to Avoid Tuberculosis.”  5¢. 

y Now2nee Adenoids. ~ 15¢: 

. No.1. “The Road to Health.” 5¢. 

. Eye-Sigut ConsERVATION Councin BULLETIN No. 4. 25¢. 
Pusiic Heautu SERVICE SUPPLEMENTS: 

. No.7. “Shower Baths for Country Houses.” 5¢. 

No. 24. “Exercise and Health.” 5¢. 

. No. 36. ‘What to Do to Become Physically Fit.” 
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Pusuic HEALTH SERVICE REPRINTS: 


34. No. 325. ‘‘Vitamines and Nutritional Diseases.” 5¢. 
35. No. 707. ‘Good Teeth.” 
36. No. 753. ‘‘Adenoids.”’ 


37. U. 8. Coast Guarp BuLietin. ‘Directions for Restoring the 
Apparently Drowned.”  5¢. 


38. Bureau or STANDARDS CircuLaR No. 75. “Safety for the House- 
hold.” 25¢. 


2. GUIDE TO REFERENCES 
(A) GENERAL 


3: (entire). 18: (entire). 29: (entire). 33: (entire). 


(B) Spreciric Topics 


Note: Only a few references to specific topics are listed here. Further 
study of these topics can be carried out by reference to any standard text 
books on Physiology or Hygiene. 

1. The Cells of the Human Body. 21: 1-13. 


Zz. Digestion and Assimilation of Food. 3: 116-138. 6: 36-42. 13:7-19. 
16: (entire). 24: (entire). 


3. The Circulation of the Blood. 13: 29-41. 

4. Respiration. 8:70-82. 8:109-123. 10:143-157. 13:20-28. 27: 
(entire). 

. Baths and the Bathroom. 1: 210-237. 31: (entire). 

. Exercise. 9: 89-102. 15: (entire). 19: 68-120. 32: (entire). 

. Sleep. 9: 102-105. 19: 202-217. 

. Teeth. 9: 78-88. 22: (entire). 25: (entire). 35: (entire). 


. The Care of the Eyes, and Correct Lighting. 5:127-131. 11:1-7. 
12: 127-139. 13: 53-63. 23: 246-252. 30: (entire). 


10. First Aid. 4: (entire). 7: (entire). 17: (entire). 19: (entire). 26: 
(entire). 38: 118-124. 


11. Tobacco and Its Effect upon the Body. 9:250-271. 19: 165-182. 


12. The Effect of Alcohol on the Human Machine. 9: 227-249. 10: 
148-164. 


> COST ONS OE 
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3. TOPICS AND PROJECTS FOR INVESTIGATION 


. Vitamines and Disease. 34: (entire). 

. Adenoids. 28: (entire). 36: (entire). 

. Sports and Games. 2: (entire). 

. Accident Prevention. 17: 164-174. 

. Climate and Health. 3: 172-191. 

. Fractures, Sprains, and Dislocations. 4: 62-72. 4:135-155. 17:70- 


89. 19: 9-26. 


. Burns, Frostbites, and Sunstrokes. 4: 54-61. 4:84-90. 17: 117-127. 
. Wounds and Cuts. 4: 34-53. 17: 90-116. 19: 29-43. 
. Drowning and Artificial Respiration. 4: 156-167. 17: 128-139. i9: 


43-48. 37: (entire). 


. Bandages and Carriers. 4:101-134. 17: 36-61. 


Shocks and Fainting. 4: 22-33. 17: 62-69. 


. Home and Camp Medicine Chests. 4:191-193. 17: 161-163. 19: 


93-99. 


. Preventing Infections. 4: 78-83. 17: 27-30. 
. Snake Bites. 19: 73-89. 

. Camp Diseases and Care. 19: 51-70. 

. How to Carry Injured Persons. 17: 191-197. 


UNIT VI: SELECTING AND CARING FOR OUR CLOTHING 


CONAN ROE 


1. REFERENCES 
(A) Booxs 


Axsport, C.G. Everyday Mysteries 
AuLEN, J. K. Sanitation in the Modern Home 


. Basserr, S. W. The Story of Leather 


Bassett, 8S. W. The Story of Silk 

Brooxs, E.C. The Story of Cotton 

Browne, E. A. Rubber 

CHAMBERLAIN, J. F. How We Are Clothed 

CuarkeE, C.R. Boys’ Book of Chemistry 

CocuraNnE, R. The Romance of Industry and Invention 


. Coxuins, A. F. Wonders of Chemistry 

. Cooxg, A.O. A Visit to a Woolen Mill 

. Cooks, A.O. A Visit to a Cotton Mill 

. Cooxg, A. O. A Day with the Leather Workers 
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14. Crasrren, J. H. The Cotton Industry from Raw Cotton to Woven 
Cloth 

15. Curtis, A. T. The Story of Cotton 

16. Darrow, F. L. The Boys’ Own Book of Science 

17. DuPuy, W. A. Uncle Sam, Wonder Worker 

18. Darrow, F. L. Masters of Science and Invention 

19. Earte, A.M. Home Life in Colonial Days 

20. Fasre, J. H. The Story Book of Science 

21. FisuEr, E. E. Resources and Industries of the United States 

22. FisuEr, I. anp Lusk, E. L. How to Live 

23. Grsson, C. R. The Romance of Modern Manufacture 

24. Gopparp, D. Eminent Engineers 

25. Hatz, E. E. Stories of Invention 

26. Hotuanp, R.S. Historic Inventions 

27. Ives, G. Leading American Inventors 

28. Jenkins, O. P. Interesting Neighbors 

29. Kinne, H., anp Cootny, A. M. Shelter and Clothing 

30. Mirus, J.C. Searchlights on Some American Industries 

31. Morris, C. Home Life in All Lands, Vol. I 

32. Mowry, W. A. anp A. M. American Inventions and Inventors 

33. Parkman, M. R. Conquests of Inventions 

34. Pruppren, T. M. The Story of the Bacteria 

35. QUENNELL, M. anp C. H. B. Everyday Life in the New Stone, 
Bronze, and Harly Iron Ages 

36. Reynotps, M. J. How Man Conquered Nature 

37. Rocueteau, W. F. Great American Industries, Vol. II 

88. RocuEetrau, W. F. Great American Industries, Vol. III 

39. Tappan, E. M. The Farmer and His Friends 

40. Tappan, E. M. Makers of Many Things 

41, Wiuutams, H.S. Science and Industry 

42. Wiuttams, H.S. Tribute from the Animal World 

43. Witurams, A. How It Is Made 


(B) PAMPHLETS AND BULLETINS 


Farmers’ BULLETINS: 
44. No. 669. “Fiber Flax.” 54. 
45. No. 861. ‘Removal of Stains from Clothing and Other Textiles.” 


5¢. 
46. No. 1055. “Country Hides and Skins, Skinning, Caring, and Mar- 
keting.” 10¢. 


47. No. 1089. “Selection and Care of Clothing.” 5¢. 
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48, 
49. 
50. 
51. 
52. 
53. 


54. 


55. 


56. 


57. 
58. 


an PP WH = 


No. 1099. “Home Laundering.” 5¢. 

No. 1183. “The Care of Leather.” 5¢. 

No. 1203. “The Angora Goat.” 5¢. 

No. 1319. “Cotton Dusting Machinery.” 5¢. 

No. 1334. ‘Home Tanning of Leather and Small Fur Skins.” 5¢. 

No. 1353. “Clothes Moths and Their Control.” 10¢. 

AGRICULTURE DPARTMENT CircuLAR No. 135. ‘Maintenance of 
the Fur Supply.” 10¢. 

Bureau or Census BuuuetTin No. 156. ‘Cotton Production and 
Distribution (1923-24).” 10¢. 

DEPARTMENT OF AGRICULTURE BULLETIN No. 206. “The Wool 
Grower and the Wool Trade.”’ 15¢. 

AGRICULTURE YEARBOOK SEPARATE No. 628. ‘Hemp.’ 15¢. 

BUREAU OF STANDARDS CircuLaR No. 70. ‘Materials for the House- 
hold.” 25¢. 


THE MENTOR: 


59. “The Story of Fur.” 35¢. 
. “The Story of Rubber.” 25¢. 


2. GUIDE TO REFERENCES 
(A) GENERAL 


1: (entire). 7: (entire). 22: 14-17. 9: 81-101. 29: 97-367. 47: (entire). 


(B) Specrric Topics 


. Kinds and Sources of Fibers. 36: 109-125. 

. Hard and Soft Water. 10: 22-23. 58:192-193. 

. Cleansing Action of Soap. 8: 151-153. 10: 23-24. 

. Home Laundering and Cleaning. 2: 83-95. 48: (entire). 58: 195-197. 
. Removing Spots and Stains. 16: 136-145. 45: (entire). 53: 162. 


3. TOPICS AND PROJECTS FOR INVESTIGATION 


. Producing Cotton and Manufacturing Cotton Goods. 5: (entire). 


7: 39-59. 12: (entire). 14: (entire). 15: (entire). 17: 1-9. 20: 71-76. 
21: 109-117. 24:61-69. 25: 219-236. 26: 84-110. 32: 148-157. 37: 
89-123. 39:91-97. 40:82-91. 41:1-31. 51: (entire). 55: (entire). 
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Production and Preparation of Wool. 7:57-79. 11: (entire). 19: 
187-211. 20: 64-66. 21:104-108. 32: 158-163. 42: 44-48. 42: 53-59. 
50: (entire). 56: (entire). 


. The Silk Worm and Its Product. 4: (entire). 20: 93-107. 28: 69-83. 


40: 92-101. 42: 131-152. 


. Flax and Hemp. 20: 67-70. 21:117-118. 39:86-90. 44: (entire). 


57: (entire). 


. Manufacture of Cloth from Fibers. 1:104-111. 5:39-131. 5: 


223-279. 21: 109-117. 23: 34-104. 33: 38-48. 36: 109-125. 41: 66-74. 


. How Hides Are Made into Wearing Apparel. 1: 146-162. 3: (entire). 


7: 99-107. .13: (entire). 21: 100-104. 30: 165-207. 32: 164-172. 38: 
81-99. 40:16-24. 40: 73-81. 41:91-112. 42:99-116. 47: (entire). 
49: (entire). 52: (entire). 58: 145-151. 


. Furs. 42: 99-116. 54: (entire). 59: (entire). 


8. Manufacture of Rubber Goods. 6:1-88. 7: 107-129. 10: 124-127. 


alve 
18. 


27: 176-218. 33:110-134. 30: 131-164. 40:6-15. 43: 180-192. 60: 
(entire). 


. Making Soap. 1:42-50. 8: 153-155. 16: 119-126. 43:89-92. 58: 


193-195. 


. Washing Clothes with Machinery. 7: 204-209. 23: 105-113. 
. History of Clothing. 5:1-19. 26:109-125. 32:1438-184. 35: 


119-126. 41: 1-49. 42: 99-116. 


. Early Methods of Making Clothing. 5:1-19. 19: 212-251. 32: 143- 


147. 35: 119-126. 41: 32-65. 
Bleaching and Dyeing. 7:209-212. 8:155-156. 8:159-163. 10: 
76-78. 


. Examination of Textile Fibers. 10:128-141. 16:127-133. 58: 


151-162. 


. Clothing in Many Lands. 31: 50-104. 
. The Sewing Machine. 23:114-122. 24:79-84. 27:333-369. 33: 


84-106. 41: 75-90. 
Clothes Moths and Their Destruction. 53: (entire). 


Discoverers and Inventors in Science. (See also page 570.) 
Arkwright, Richard. 18: 44-47. 24: 151-154. 

Goodyear, Charles. 27: 176-218. 33: 110-134. 

Hargreaves, James. 18: 41-44. 33: 38-48. 

Howe, Elias. 24: 79-84. 27: 333-369. 33:87-106. 41: 75-90. 
Whitney, Eli. 18: 53-57. 24: 61-69. 25: 219-236. 26: 96-110. 27: 
75-104, 33: 63-79. 41: 1-31. 
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UNIT VII: PROTECTING OURSELVES FROM DISEASE 


1. REFERENCES 
(A) Booxs 


. Asport, C.G. Everyday Mysteries. 


AMERICAN Mepicau ASSOCIATION PUBLICATIONS: 


. Miscellaneous Nostrums 

. Nostrums and Quackery, Vol. I. 
. Nostrums and Quackery, Vol. II. 
. The Great American Fraud 


CALDWELL, O. W. anv Stosson, E. E. Science Remaking the World 


Cuarin, H. D. Health First, the Fine Art of Living 


. Conn, H. W. Bacteria, Yeasts, and Molds in the Home 
. Doann, R. W. Insects and Disease 

. Darrow, F. L. Masters of Science and Invention 

. Fisuer, I. anp Lusk, E. L. Healthy Living 

. Hasxrin, F. J. The Panama Canal 

. Haskin, F. J. The American Government 

. Howarp, L.O. The House Fly—Disease Carrier 

. Howarp, L.O. Mosquitoes 

. Hows, F.C. The Modern City and Its Problems 

. Hurcuinson, W. Preventable Diseases 

. Ketiy, H. A. Walter Reed and Yellow Fever 

. Lipman, J. G. Bacteria in Relation to Country Life 

. O’SHna, M. V. anp Ketioae, J. H. Making the Most of Life 
. Pruppen, T. M. The Story of the Bacteria 

. Rem, W. anp OrHERS. Careers for the Coming Men 

. VauLeERy—Rapvot, R. The Life of Pasteur 

. Witu1aMs, H.S. Tribute from the Animal World 


(B) PAMPHLETS AND BULLETINS 


FarMERS’ BULLETINS: 


. No. 444. ‘Remedies and Preventives Against Mosquitoes.” 5¢. 
. No. 450. ‘Some Facts about Malaria.” 5¢. 

. No. 459. ‘House Flies.” 5¢. 

. No. 478. ‘How to Prevent Typhoid Fever.” 5¢. 

. No. 490. ‘Bacteria and Milk.” 5¢. 

. No. 547. ‘The Yellow Fever Mosquito.” 5¢. 

. No. 602. ‘‘Production of Clean Milk.” 5¢. 

. No. 734. ‘Fly Traps and Their Operation.” 5¢. 

3. No. 897. ‘Fleas and Their Control.” 5¢. 


61. 


65. 
66. 
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. No. 926. ‘Some Common Disinfectants.” 5¢. 
. No. 1019. ‘“Straining Milk.” 5¢. 

. No. 1302. ‘How to Get Rid of Rats.” 5¢ 

. No. 1342. ‘Dairy-Barn Construction.” 


No. 1354. “The Yellow Fever Mosquito.” 5¢. 
No. 1393. ‘Principles of Dairy-Barn Ventilation.” 5¢. 


. No. 1408. ‘The House Fly and How to Suppress It.’”’ 5¢. 
. No. 14. ‘Migratory Habit of House-Fly Larvae as Indicating 


Favorable Remedial Measures.” 5¢. 
No. 118. “Experiments in the Destruction of Fly Larvae in Horse 
Manure.” 10¢. 


. No. 342. ‘Present Status of Pasteurization of Milk.” 5¢. 
. No. 973. ‘Milk Plant Operation.” 5¢. 


Pusiic HEALTH SERVICE—KEEP WELL SERIES: 


. No. 4. “Diphtheria.”  5¢. 


No.7. “Vaccination.” 5¢. 

No.1. “Measles.” 5¢. 

No. 11. ‘What the Farmer Can Do to Prevent Malaria.” 5¢. 
No. 14. ‘Diphtheria.’ 5¢. 

No. 18. ‘Malaria.’’ 10¢. 


Pusuic HEALTH SERVICE SUPPLEMENTS: 


. No. 30. -‘“Common Colds.” 5¢. 
. No. 34. ‘Spanish Influenza—the “Flu.” 5¢. 
. No. 29. ‘Transmission of Disease by Flies.”’ 5¢. 


Pusuiic HEALTH SERVICE REPRINTS: 


. No.9. ‘Prevention of the Spread of Scarlet Fever.’ 5¢. 
. No. 28. “Prevention and Destruction of Mosquitoes.”’ 5¢. 
. No. 49. “The Present Organization and Work for the Protection 


of the United States’ Health.” 
No. 61. ‘Small Pox in the United States.’ 5¢. 


. No. 74. “The Transmission of Typhus Fever.” 5¢. 


No. 100. “‘Whooping Cough.” 5¢. 


; Nov 119)" “ThemRate  5¢: 


No. 260. “Control of Malaria.” 5¢. 


. No. 485. “Vaccination against Smallpox.”’ 
. No. 661. ‘Evolution and Organization of the Public Health Serv- 


” 


ice. 


. Pustic HeauttH SERvicE BULLETIN or THE Hycrenic LABORATORY 


No. 65. ‘Facts and Problems of Rabies.” 25¢. 
Pusuic HeaLrH SERvVIcE Pusiic HEALTH BULLETINS: 
No. 29. “Typhoid Fever.” 5¢. 

No. 65. ‘Typhoid Fever in Rockville, Maryland.” 5¢. 
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67. 


68. 


ANIMAL INDUSTRY CircuLar No. 190. ‘Vaccination of Cattle 
against Tuberculosis.” 5¢. 
Bureau or Stanparps Circutar No. 70. ‘Materials for the 
Household.” 25¢. 
2. GUIDE TO REFERENCES 
(A) GENERAL 
7: 139-151. 20: 218-250. 17: (entire). 


(B) Spreciric Topics 


. Germs, Harmful and Helpful. 1:30-41. 8:1-11. 8:100-138. 8: 


203-208. 8: 214-218. 8: 235-240. 9:1-25. 10:186-197. 21: 14-69. 
19: 13-25. 


. Carriers of Disease. 8:208-211. 9: (entire). 14:100-174. 19: 


45-160. 19:397-401. 21: 179-215. 58: (entire). 66: (entire). 


. Preventing the Spread of Disease. 8: 255-264. 53: (entire). 


4. Vaccination and Inoculation against Disease. 8: 248-254. 10: 125- 


127. 24:38-43. 46: (entire). 62: (entire). 67: (entire). 


. Immunity, Active and Passive. 21: 141-174. 


3. TOPICS AND PROJECTS FOR INVESTIGATION 


. The Fly and Its Relation to Disease. 9:57-75. 14: (entire). 21: 


211-212. 27: (entire). 53: (entire). 


. Mosquitoes and Diseases Carried by Them. 9: 76-141. 15: (entire). 


18: (entire). 


. Uncommon Diseases Spread by Insects. 9: 161-174. 


4. Anti-Fly Measures. 14:175-217. 32: (entire). 40: (entire). 41: 


(entire). 42: (entire). 


. Ticks and Mites Which Spread Disease. 9: 26-39. 


6. Destroying Mosquitoes. 25: (entire). 48: (entire). 55: (entire). 61: 


10. 
ill 


(entire). 


. Rats, Fleas, and the Plague. 9: 142-160. 33: (entire). 36: (entire). 


60: (entire). 


. Pasteurization of Milk. 8: 182-196. 43: (entire). 44: (entire). 
. The Work of Health Departments. 13:97-104. 34: (entire). 56: 


(entire). 63: (entire). 66: (entire). 
Disinfectants. 6: 150-160. 68: 199-202. 
The Relation of Air to Disease. 8: 230-234. 19:45-55. 21: 199-210. 
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12. The Relation of Water and Ice to Disease. 8: 222-226. 19: 56-60. 


13. 


14. 


Ss 


16. 
is 


18. 


UG 
2. 
3. 


21: 184-198. 66: (entire). 

The Relation of Milk and Other Foods to Disease. 8: 182-196. 
8: 227-230. 8: 234-235. 19: 357-377. 19:397-401. 21:179-183. 29: 
(entire). 31: (entire). 35: (entire). 37: (entire). 39: (entire). 

The Fight against Yellow Fever and Malaria in Cuba and the Panama 
Canal Zone. 9:120-141. 12:105-117. 18: (entire). 


Patent Medicines and Quack Doctors. 2: (entire). 3: (entire). 4: 
(entire). 5: (entire). 


Medicine as a Career. 22: 61-72. 


Communicable Diseases. 

Infantile Paralysis. 7: 164-169. 

Diphtheria. 7: 163-164. 21: 125-140. 45: (entire). 49: (entire). 
Scarlet Fever. 7: 160-162. 54: (entire). 

Colds, Pneumonia, and Influenza. 7:151-155. 11: 272-280. 21: ° 
115-124. 51: (entire). 52: (entire). 

Measles. 7:159-160. 47: (entire). 

Whooping Cough. 7: 155-156. 59: (entire). 

Malarial Fever. 20: (entire). 50: (entire). 

Tuberculosis. 7: 156-159. 21: 83-99. 

Typhoid Fever. 21:100-108. 28: (entire). 65: (entire). 
Smallpox. 7: 162. 57: (entire). 

Typhus Fever. 21:109-114. 58: (entire). 

Hydrophobia. 64: (entire). 

Yellow Fever. 30: (entire). 38: (entire). 

Discoverers and Inventors in Science. (See also page 570.) 
Carrol, James. 18: 272-281. 

Jenner, Edward. 10: 125-127. 

Lazear, Jesse. 18: 281-288. 

Morton, William. 10: 127-130. 

Pasteur, Louis. 1: 30-34. 6: 133-149. 10: 186-197. 23: (entire). 24: 
38-43. 

Reed, Walter. 18: (entire). , 


UNIT VIII: THE NATURE AND CONTROL OF FIRE 
1. REFERENCES 
(A) Booxs 


Axssort, C.G. Everyday Mysteries 
CaLpWELL, O, W. And Srosson, E. E. Science Remaking the World 
Carpenter, I’. G. How the World Is Housed 
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CuarkE, C.R. The Boys’ Book of Chemistry 
Couns, A. F. Wonders of Chemistry 
Cooxe, A.O. A Visit to a Coal Mine 
Corzin, T. The Romance of War Inventions 
Crump, I. The Boys’ Book of Firemen 
Crump, I. The Boys’ Book of Forest Rangers 


. Darrow, F. L. The Boys’ Own Book of Great Inventions 

. Darrow, F. L. The Boys’ Own Book of Science 

. Exxiorr, G. F.S. The Romance of Savage Life 

. Fasre, J. H. The Wonder Book of Chemistry 

. Farapay, M. Chemical History of a Candle 

. Fisner, E. E. Resources and Industries of the United States 
. Forman, 8S. E. Stories of Useful Inventions 


Gipson, C. R. The Romance of Modern Manufacture 
Gipson, C. R. Chemistry and Its Mysteries 
Greson, C. R. Heroes of Science 


. Him, C. T. Fighting a Fire 

. Hoxtianp, R.S. Historic Inventions 

. Huspanp, J. A Year in a Coal Mine 

. Ines, G. Flame, Electricity, and the Camera 
. Jamuson, H. L. The Flame Fiend 

. Jenks, T. The Fireman 

. Kenton, J. Fire and Fire-Fighters 

. Kynox, G. D. All about Engineering 

. Morrerr, C. Careers of Danger and Daring 
. Morris, C. Home Life in All Lands, Vol. I. 


Mowry, W. A. anp A. M. American Inventions and Inventors 


. Pack, N. N. Our Vanishing Forests 

. Pack; C. L. School Book of Forestry 

. Puiwip, J.C. The Romance of Modern Chemistry 

. Puiuip, J.C. Achievements of Chemical Science 

. Prncnor, G. A. A Primer of Forestry, Part I. 

. RocuEeteau, W. F. Great American Industries, Vol. I. 

. Rocers, J. E. Earth and Sky Every Child Should Know 
. Rorn, F. First Book of Forestry 


Sretey, H.G. The Story of the Earth 
Seton, E. T. anp BADEN-PowELL, Sir Rost. Boy Scouts of America: 


Official Handbook 


. Tappan, E. M. Diggers in the Earth 

. Tappan, E.M. Makers of Many Things 

. Tower, W.S. The Story of Oil 

. Wasupurne, C. W. and H.C. The Story of the Earth 
. Wuire, M. The Fuels of the Household 
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. Wiuurams, H. 8. Tribute from the Mineral World 

. Wiiirams, A. How It Is Made 

. Wiuuiams, A. How It Works 

. Wiurams, A. The Romance of Modern Engineering 
. Wiuiams, A. The Romance of Mining 

. Yates, R. F. The Boys’ Play Book of Chemistry 


(B) PAMPHLETS AND BULLETINS 


Farmers’ BULLETINS: 


. No. 904. “Fire Prevention and Fire Fighting on the Farm.’’ 5¢. 
. No. 1023. ‘‘Machinery for Cutting Fire Wood.” 5¢. 
. Forest SERVICE BuLLETIN No. 117. ‘Forest Fires.” 10¢. 


DEPARTMENT OF AGRICULTURE MISCELLANEOUS CIRCULARS: 


. No.7. Forest Fire Prevention Handbook for Schocl Children of 


Calif.” 10¢. 


. No. 19. ‘Forest Fires in Inter-Mountain Regions.” 5¢. : 
. Bureau or Mines Buuxtetin No. 16. ‘The Uses of Peat for Fuel 


and Other Purposes.”’ 
Bureau oF Mines TECHNICAL PAPERS: 


. No. 97. “Saving Fuelin Heating a House.” 5¢. 
. No. 199. ‘Five Ways of Saving Fuel in Heating Houses.”’ 5¢. 
. AGRICULTURE BULLETIN No. 753. ‘Use of Wood for Fuel.’ 10¢. 


BUREAU OF STANDARDS CIRCULARS: 


. No. 55. “Measurements for the Household.” 25¢. 
. No. 70. ‘‘Materials for the Household.” 25¢. 
3. No. 75. ‘Safety for the Household.” 25¢. 


THE MENTOR: 


. “The Story of Coal.” 25¢. 
. “The Story of Oil.” 25¢. 


2. GUIDE TO REFERENCES 
(A) GENERAL 


5: 30-44. 16: 13-27. 23: (entire). 30: 11-50. 33: 50-60. 33: 118-130. 
33; 154-160. 45: 10-25. 


(B) Srucrric Topics 


- Combustion. 13: 83-95. 13: 211-223. 14: (entire), 18: 122-142. 34: 


36-50. 62: 204-207. 


. Our Common Fuels. 2: 12-46. 31:36-41. 33:131-153. 34: 50-80. 


41:1-10. 45: 26-72. 53: (entire). 60: (entire). 62: 209-213. 
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3. Conservation of Fuels. 1:97-103. 45:81-92. 58: (entire). 
(entire). 

. Composition of Air. 4: 55-68. 5:1-14. 11: 59-70. 

. Principal Causes of Fires. 63: 91-104. 

. Fire Prevention. 24: (entire). 52: (entire). 63: 54-108. 

. Fire Extinguishers. 63: 87-91. 

- Molecules. 33: 28-38. 51: 3-17. 

. Uses of Fuels. 34: 50-80. 


O©OON DA wn 


3. TOPICS AND PROJECTS FOR INVESTIGATION 


043 


59: 


1. Preparing and Experimenting with Oxygen. 4:42-43. 11: 38-48. 
11: 179-190. 13:96-108. 13:124-151. 13:187-210. 13: 224-229. 


18: 40-49. 51: 39-48. 


2. Superstitions and Early Theories of Fire. 3: 257-270. 12: 154-162. 


34:1-14, 34: 32-36. 


3. Fighting Fires. 8: (entire). 20: (entire). 25: (entire). 26: (entire). 


. 28: 209-254. 
4. Forest Fires. 9: (entire). 31:99-109. 32: 53-63. 35: 77-88. 
104-115. 54: (entire). 55: (entire). 56: (entire). 


5. Methods of Making Fire. 12: 154-162. 17: 221-228. 23: 18-23. 


207-210. 33:118-130. 40: 79-88. 
6. How Candles Are Made. 30:67-72. 47: 72-89. 


38: 


29: 


7. How Matches Are Made. 3: 314-316. 11:199. 16:3-12. 34: 92-97, 


42:1-5. 47: 46-60 
8. Davy Safety Lamp. 21: 126-139. 46: 6-11. 


9. Explosives. 4: 219-231. 5:85-98. 7: 27-38. 10: 327-335. 33: 166- 


179. 

10. Early Ideas of Chemistry. 4:3-12. 18: 24-82. 

11. Experiments with Carbon Dioxide. 51: 54-60. 

12. How Coal Was Formed. 15: 143-145. 30:37-51. 36: 7-44. 
1-10. 64: (entire). 


13. Mining Coal. 6:1-88. 15: 146-151. 22: (entire). 27: 152-159. 


80-93. 41:1-10. 50: 274-319. 64: (entire). 


41: 


34: 


14. Digging for Oil. 3: 281-290. 27: 162-166. 36:45-59. 43: (entire). 


49: 349-366. 65: (entire). 


15. Petroleum Fuels. 2: 12-46. 15: 156-165. 30: 77-80. 41: 84-94. 


224, 
16. Natural Gas. 36: 60-74. 
17. Gas Meter. 61: 91-102. 
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. Manufacture of Artificial Gas. 3: 291-299. 30:81-84. 34: 68-85. 


45: 73-77. 48: 394-399. 62: 225-227. 


. Peat. 34:57-60. 57: (entire). 

. The Preparation of Hydrogen. 18: 33-40. 51: 48-53. 

. Making Fireworks at Home. 11: 202-213. 51: 162-172. 

. Making a Chemistry Laboratory at Home. 4:13-31. 51: 18-38. 

. Elements and Compounds. 13:6-26. 13:42-69. 18:50-103. 78: 


234-238. 


. Discoverers and Inventors in Science. (See also page 570.) 


Davy, Sir Humphrey. 21: 126-139. 46: 6-11. 
Lavoisier, Antoine. 34: 32-36. 
Priestley, Joseph. 19: 164-178. 34:1-14. 


UNIT IX: PROVIDING HEAT AND FRESH AIR IN OUR 


BUILDINGS 
1. REFERENCES 
(A) Booxs 
Axssorttr, C.G. Everyday Mysteries 
ALLEN, J. K. Sanitation in the Modern Home 


Brecuner, C. H. Household Physics 
CarpEnTER, F.G. How the World Is Housed 


. Couuins, A. F. The Amateur Mechanic 


Earin, A. M. Home Life in Colonial Days 


. Exxiorr, G. F.S. The Romance of Savage Life 
. Wiuuiams, A. Thinking It Out 


(B) PAMPHLETS AND BULLETINS 


Farmers’ BULLETINS: 


. No. 771. “Homemade Fireless Cookers and Their Use.” 5¢. 
10. 
i. 


No. 1174. ‘One Register Furnaces.” 5¢. 
No. 1230. “Chimneys and Fire Places—How to Build Them.” 5¢. 
Unirep States Furt ADMINISTRATION: 


12. No.7. “How to Burn Soft Coal in Base-Burner Stoves.’’ 


3. No. 23. ‘Lessons in Coal Saving.”’ 


Bureau or Mines TEecunicaL Papers: 


. No. 97. “Saving Fuel in Heating a House.” 5¢. 
. No. 199. “Five Ways of Saving Fuelin Heating Houses.” 5¢. 
. No. 208. “How to Improve the Hot-Air Furnace.” 5¢. 


. Taytor InsrRuUMENT CompaANins Pampuier. “Humidity, Its Effect 


on Our Health and Comfort.” 10¢. 
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18. 
19. 


BuREAU OF STANDARDS Circunars: 
No. 55. “Measurements for the Household.” 25¢. 
No. 70. “Materials for the Household.” 25¢. 


2. GUIDE TO REFERENCES 


(A) GENERAL 
4: 271-278. 19: 214-216. 


(B) Speciric Topics 


(But few references on Specific Topics are given. These topics may 


be found in any physics textbook.) 


qT: 
. Stoves. 12: (entire). 

- Hot-Air Furnaces. 2: 128-143. 5:67-68. 10: (entire). 16: (entire). 
. Hot-Air System of Heating. 2:114-127. 5:69-70. 8: 282-285. 

. Steam Heating Systems. 2: 96-113. 5: 70-73. 

. Methods of Heat Transfer. 3:41-59. 8: 268-276. 

. Ventilation. 2: 144-160. 17: (entire). 18: 108-119. 


NA un PW ND 


10. 


Fireplaces. 6: 52-75. 8:280-281. 11: (entire). 


3. TOPICS AND PROJECTS FOR INVESTIGATION 


. Fireless Cookers and How to Make Them. 1:120. 8:276-277. 9: 


(entire). 


. Vacuum Bottles. 8: 277-278. 
. Saving Fuelin Heating Devices. 1: 97-103. 12: (entire). 13: (entire). 


14: (entire). 15: (entire). 


. Construction and Operation of Hot-Air Furnaces. (Write to manu- 


facturers of these devices. You can learn their addresses by examin- 
ing furnaces, asking the hardware man, or by looking up their adver- 
tisements in newspapers and magazines. ) 


. Construction and Operation of Hot-Water Heating Systems. (Follow 


suggestions given under Topic 4). 


. Construction and Operation of Steam Heating Systems. (Follow sug- 


gestions given under Topic 4). 


. Construction and Operation of Ventilating Systems. (Follow sug- 


gestions given under Topic 4). 2: 144-168. 


. Construction and Operation of Oil Heaters. (Follow suggestions 


given under Topic 4). 


. Construction of Radiators and Air Vents. (Follow suggestions given 


under Topic 4). 
Asbestos and Other Insulating Materials for Heating Devices. (Fol- 
low suggestions given under Topic 4.) 
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UNIT X: MATERIALS FOR CONSTRUCTION 
1. REFERENCES 
(A) Booxs 


. Auten, J. K. Sanitation in the Modern Home 
. Baker, R.S. The Boy’s Book of Inventions 


Bassett, 8. W. The Story of Glass 

Bassgert, S. W. The Story of Lumber 

Bonp, A. R. The American Boys’ Engineering Book 
Bonn, A. R. The Scientific American Boy 

Brown, E. A. Rubber 


. Burns, E. E. The Story of Great Inventions 

. Carpenter, F.G. How the World Is Housed 

. CuarKes, C. R. The Boys’ Book of Chemistry 

. Ciopp, E. The Story of “Primitive”? Man 

. Coturns, A. F. Wonders of Chemistry 

. Coturns, A. F. The Amateur Mechanic 

. Cooxn, A.O. A Day in an Iron Works 

. Corsin, T. The Romance of War Inventions 

. Darrow, E. L. The Boys’ Own Book of Great Inventions 
. Darrow, F. L. The Boys’ Own Book of Science 


Earxe, A. M. Home Life in Colonial Days 
Exuiotr, G. F.S. The Romance of Savage Life 
Fasre, J. H. The Story Book of Science 


. Fazsre, J. H. The Wonder Book of Chemistry 


Fisuer, E. E. Resources and Industries of the United States 


. Forman, 8. E. Stories of Useful Inventions 

. Gipson, C. R. The Romance of Modern Manufacture 
. Gipson, C. R. Chemistry and Its Mysteries 

. Hats, E. E. Stories of Invention 

. Harz, A. N. Handicraft for Handy Boys 

. Howuanp, R.S8. Historic Inventions 

. Inns, G. Flame, Electricity, and the Camera 

. Knox, G. D. All about Engineering 

. Mappox, H. A. Paper 

. Minus, HE. A. The Story of a Thousand-Year Pine 

3. Mutts, J. C. Searchlights on Some American Industries 
. Morrerr, C. Careers of Danger and Daring 

. Morris, C. Home Life in All Lands, Vol. I. 

. Morris, C. Home Life in All Lands, Vol. II. 

. Pack, C. L. The School Book of Forestry 


Pacx, A. N. Our Vanishing Forests 
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39. Parkman, M. R. Conquests of Invention 

40. Puiu, J.C. The Romance of Modern Chemistry 

41. Purp, J.C. Achievements of Chemical Science 

42. Pincnor, G. A Primer of Forestry, Part I. 

43. Pincnot, G. The Training of a Forester 

44. Rei, W. anp Oruers. Careers for the Coming Men 

45. Reynouips, C. J. How Man Conquered Nature 

46. RocHELEau, W.F. Great American Industries, Vol. I. 

47. RocHELEau, W.F. Great American Industries, Vol. II. 

48. RocuELeau, W. F. Great American Industries, Vol. III. 

49. Rocmrrs, J. E. Earth and Sky Every Child Should Know 

50. Roxirt-WuHeExrtER, F. The Boy with the U. S. Foresters 

51. Rots, F. First Book of Forestry 

52. Srers, A.W. The Earth and Its Life 

5835 ao E. T. anp Bapren-PowE Lt, Sir Roser, ee Scouts ef Amer- 
ica: Official Handbook 

54. Smiru, J. R. The Story of Iron and Steel 

55. Tappan, E. M. The Farmer and His Friends 

56. Tappan, E. M. Diggers in the Earth 

57. Tappan, E. M. Makers of Many Things 

58. WuHEELWRIGHT, W. B. Essential Facts about Paper 

59. Wtiams, H.S. Science and the Mechanical Arts 

60. Winuiams, H.S. Science and Industry 

61. Wituiams, H.S. Tribute from the Mineral World 

62. WiuuiaMs, A. How It Is Made 

63. Wittiams, A. The Romance of Mining 

' 64. Wituiams, A. Thinking It Out 


(B) PAaMPHLETS AND BOOKLETS 


Farmers’ BULLETINS: 
65. No. 173. ‘Primer of Forestry.” 5¢. 
66. No. 235. “Cement, Mortar, and Concrete.” 5¢. 
67. No. 358. ‘Primer of Forestry.” 5¢. 
68. No. 744. “Preservative Treatment of Farm Timbers.”  5¢. 
69. No. 1071. “Making Woodlands Profitable.” 5¢. 
70. No. 1210. ‘Measuring and Marketing Farm Timber.” 5¢. 
71. No. 1219. “Floors and Floor Coverings.” 5¢. 
72. No. 1392. “Black Walnut for Timber and Nuts.” 5¢. 
73. No. 1452. “Painting on the Farm.” 5¢. 
74. No. 12. “Uses of Commercial Woods of the U.S.” 10¢. 
75. No. 364. ‘Forest Conservation for States in Southern Pine Regions.” 


5¢. 
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79. 


80. 
81. 
82. 


83, 


$4. 
85. 


86. 
87. 
88. 
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No. 506. ‘Production of Lumber.” 5¢. 

No. 552. “Seasoning of Wood.” 5¢. 

No. 605. ‘Lumber Used in the Manufacture of Wooden Products.” 

5¢. 

No. 718. ‘Small Saw Mills.” 10¢. 

DEPARTMENT OF AGRICULTURE CIRCULARS: 

No. 140. “Lumber Expert in Our Forests.” 5¢. 

No. 211. “Government Forest Work.” 5¢. 

AGRICULTURAL DEPARTMENT Report No. 117. ‘Substitution of 
Other Materials for Wood.” 15¢. 

Forest Service Buuutetin No. 84. “Preservative Treatment of 
Poles.” 15¢. 

Census Bureau Report (1920). ‘Stone Quarrying Industries.”’ 5¢. 

Bureau or STANDARDS CrrcuLaR No. 70. ‘‘Materials for the House- 

hold.” 25¢. 


THe MENTOR: 

“The Story of Iron and Steel.” 25¢. 
“Glass and Glass Making.” 25¢. 
“The Story of Paper.” 25¢. 


2. GUIDE TO REFERENCES 


(A) GENERAL 
9: (entire). 45: 126-147. 


(B) Srrcreic Topics 


. Lumber as a Building Material. 1: 31-63. 4: (entire). 9: 64-90. 13: 


26-33. 20: 37-45. 22:119-184. 32: (entire). 33:1-32. 37: 11-30. 
37: 41-52. 38: 1-386. 42: 7-24. °47: 7-50. 51: 183-179. 51:217. 55: 
98-106. 69: (entire). 70: (entire). 71: (entire). 72: (entire). 74: 
(entire). 76: (entire). 77: (entire). 78: (entire). 79: (entire). 80: 
(entire). 85; 28-63. 


. The Principal Building Stones. 9: 110-122. 13: 123-141. 22: 136-139. 


46: 113-162. 56: 11-20. 63: 338-358. 84: (entire). 


. Clay and Clay Products. 9: 127-142. 13: 33-36. 36: 227-238. 56: 


31-38. 85: 14-27. 


. Cement and Concrete. 9: 122-126. 13: 40-45. 56: 21-30. 61: 66-85. 


66: (entire). 85: 86-105. 


. Lime, Mortar, and Plaster. 13: 38-40. 40: 91-94. 41: 102-105. 


85: 76-86. 85: 106-114. 


. The Manufacture of Glass. 3: (entire). 9: 188-204. 48: 37-74. 61: 


135-152. 62:117-131. 87: (entire). 
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Iron and Steel. 9: 142-172. 12: 64-72. 14: (entire). 22: 170-178. 
24: 274-284. 52: 157-167. 54: (entire). 56: 56-64. 61:29-55. 85: 
63-66. 86: (entire). 


. Other Metals. 9: 173-180. 20: 49-63. 


3. TOPICS AND PROJECTS FOR INVESTIGATION 


. Forestry and Great Forests. 37:79-94. 37:109-159. 38: 90-189. 


42:25-43. 50: (entire). 51: (entire). 65: (entire). 67: (entire). 
75; (entire). 81: (entire). 


. The Stone Age. 45: 126-147. 52: 116-137. 61: (entire). 
3. The Bronze Age. 11: (entire). 45: 126-147. 52: 147-156. 
. History of Iron and Steel. 8:242. 26: 259-293. 52:157-167. 54: 


12-72. 


. Skyscrapers. 2: 283-319. 34: 1-39. 60: 113-128. 

. Early Methods of Mining. 63: 17-44. 

. Early Homes. 18: 1-31. 19: 252-265. 23: 147-167. 35: 136-187. 

- How to Build a Log Cabin and Other Small Houses. 6: 124-137. 


6: 171-182. 53: 122-12. 


. Formation of Rocks. 49: 27-71. 49: 147-151. 

. Alloys. 10:117-120. 16: 365-366. 17: 164-176. 

. Homes in Foreign Lands. 9: 9-64. 

. Manufacture of Paper. 9: 204-221. 12:141-1438. 20:77-79. 21: 


371-374. 31:1-14. 38:42-58. 48: 141-159. 57:25-35. 58: (entire). 
59: 64-88. 85: 163-173. 88: (entire). 


. The Manufacture of Copper. 12: 59-64. 56: 65-75. 
. The Manufacture of Aluminum. 56: 76-83. 
. The Manufacture of Rubber. 7: (entire). 33:131-164. 57: 6-15. 


85: 140-145. 


. Manufacture of Metals. 10: 103-117. 15:97-107. 23:39-53. 29: 


35-48. 40:61-71. 46: 75-112. 49: 167-174. 62: 207-241. 


. Preservation of Building Materials. 9: 221-231. i12:144-156. 68: 


(entire). 73: (entire). 83: (entire). 85: 114-129. 


. Chinaware, Porcelain, and Pottery Manufacture. 24:176-194. 28: 


42-52. 57: 56-63. 61: 86-134. 62: 96-116. 


. Mining Metals. 30:159-161. 61:1-28. 63:44-131. 63: 154-196. 


63: 211-245. 63: 258-273. 63: 320-337. 
The Development of the Forge. 5: 59-69. 23: 39-53. 
Home Construction Projects with Wood and Brass. 27: (entire). 
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22. 
23. 
24. 
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Unusual Metals. 25: 171-183. 

Mechanical Engineering as a Profession. 44: 107-117. 
Forestry as a Profession. 43: (entire). 

Discoverers and Inventors in Science. (See also page 570.) 


Bessemer, Sir Henry. 26: 259-293. 61: 49-51. 
Goodyear, Charles. 39: 110-134. 
Kelley, William. 39: 298-309. 
UNIT XI: MACHINES FOR DOING WORK 
1. REFERENCES 


(A) Booxs 


. Barnarp, C. The Tools and Machines 


Bonp, A. R. The American Boys’ Engineering Book 
Bonp, A. R. With the Men Who Do Things 

Burns, E. E. The Story of Great Inventions 
Cotiins, A. F. The Amateur Mechanic 


. Darrow, F. L. The Boys’ Own Book of Great Inventions 
. Decker, W. F. The Story of the Engine 

. Forman, 8. E. Stories of Useful Inventions 

. Howianp, R. 8. Historic Inventions 

10. 
. Morris, C. Home Life in All Lands, Vol. If. 

. Mowry, W. A. anp A. M. American Inventions and Inventors 

. Parkman, M. R. Conquests of Invention 

. QUENNELL, M. anp C. H. B. Everyday Life in the New Stone, 


Ives, G. Leading American Inventors 


Bronze, and Early Iron Ages 


. Reynotps, M. J. How Man Conquered Nature 

. Sanrorp, A. H. The Story of Agriculture in the United States 
. SeEers, A. W. The Earth and Its Life 

. Wiiuiams, A. How It Works 

. Wiuurams, A. Thinking It Out 


(B) BULLETINS AND PAMPHLETS 


FarMmrs’ BULLETINS: 


0. No. 927. ‘Farm Home Conveniences.” 5¢. 
. No.2. “International Metric System on Weights and Measures.” 5¢. 
. Bureau or Stanparps Reprint No. 17. “History of Standard 


Weights and Measures of the United States.”’ 10¢. 


. Bureau or Epucation Lrssons 1n Community anD NATIONAL 


Lirr, Lesson A-8. ‘The Rise of the Machine Industry.” 
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24, 


25. 


Bureau or STANDARDS CircuLar No. 55. “Measurements for the 
Household.” 25¢. 


BurREAU oF Sranparps CrrcuLtar No. 70. “Materials for the 
Household.” 25¢. 


2. GUIDE TO REFERENCES 
(A) GENERAL 
1: (entire). ‘ 
(B) Sprciric Topics 


Work and Simple Machines. 5: 75-156. 19: 75-121. 20: (entire). 
24: 12-32. 


. Units of Work, Power, and Energy. 19: 49-74. 


Friction and Its Reduction. 5:87-90. 19: 75-104. 25: 229-233. 


. The Metric System. 21: (entire). 22: (entire). 
. The Transmission of Power. 5: 77-87. 5: 148-156. 
. Centrifugal Force and Its Use. 19: 125-149. 


3. TOPICS AND PROJECTS FOR INVESTIGATION 


. Primitive Tools and Weapons. 4: 237-238. 6: 232-236. 11: 269-290. 


14: 3-233. 15: 1-42. 15: 148-171. 17: 116-167. 


. Farm Machinery. 6: 232-239. 9: 189-205. 12: 117-131. 16: 246-265 
. The Cream Separator. 18: 381-385. 
. The Sewing Machine. 9: 206-214. 


History of Machines. 1: (entire). 4: 237-238. 14: 163-233. 15: 
148-171. 23: (entire). 


. Building Skyscrapers. 3: 9-34. 6: 232-239. 

. Development of the Plow. 8: 73-84. 16: 136-143. 

. Development of the Reaper. 8: 85-96. 16: 144-158. 

. Discoverers and Inventors in Science (See also page 570). 


Archimedes. 4: 1-18. 

Goodyear, Charles. 13: 110-134. 

Howe, Elias. 9: 206-214. 

McCormick, Cyrus. 9: 189-205. 13: 8-28. 
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UNIT XII: PUTTING THE FORCES OF AIR AND 
WATER TO WORK 


1. REFERENCES 
(A) Booxs 


Apsott, C. G. Everyday Mysteries 


. ANDERSON, F. I. Electricity for the Farm 
. Bonn, A.R. The American Boys’ Engineering Book 


Bonn, A. R. The Scientific American Boy 

Bonp, A. R. On the Battlefront of Engineering 

Bonn, A.R. With the Men Who Do Things 

Burns, E. E. The Story of Great Inventions 

Cocurang, C. H. Wonders of Modern Mechanism 

Couurns, A. F. The Amateur Mechanic 

Couuins, F. A. Sentinels along Our Coast 

CorBin, T. The Romance of Submarine Engineering 
Fisuer, E. EK. Resources and Industries of the United States 
Fournigr, D’ALBE, E. E. Wonders of Physical Science 


. Hatt, A. N. Homemade Toys for Girls and Boys 

. Lanse, M. A. L. Triumphs of Science 

. Lynpvgz, C. J. Home Water Works 

. Morrsrt, C. Careers of Danger and Daring 

. Parkman, M. R. Conquests of Inventions 

. Tappan, E. M. Travelers and Traveling 

. Wruriams, H.S. The Conquest of Sea and Land 

. Wiiitams, A. How It Works 

. Wriurams, A. The Romance of Modern Engineering 
. Wruuiams, A. A Book of the Sea 


Witurams, A. Thinking It Out 


. Wiuttams, A. The Romance of Modern Locomotion 


(B) PAMPHLETS AND BULLETINS 


5. Unirep STATES GEOLOGICAL Survey. “The World Atlas of Com- 


mercial Geography, Part Il.” $1.00. 


2. GUIDE TO REFERENCES 
(A) GENERAL 


(See encyclopedias, and also textbooks on physics.) 
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(B) Spectric Topics 


. Uses of Air Pressure. 13: 80-88. 16: 147-157. 
- Compressed Air and Its Uses. 5: 288-303. 8:158-165. 17: 40-86. 


19: 44-53. 


. Harnessing the Force of Wind. 9: 94-99. 
. Water Wheels. 1:77-85. 2: 56-85. 5: 92-113. 7: 165-166. 9: 99-105. 


9: 110-111. 16: 231-242. 21: 375-3881. 24: 203-204. 


. Hydraulic Presses. 21: 361-364. 24: 200-203. 


6. Water Power. 2:32-41. 12: 166-169. 26: (entire). 


1. 
2. 
3. 


3. TOPICS AND PROJECTS FOR INVESTIGATION 


- Homemade Windmills. 4: 273-282. 14: 1-9. 
- Home Construction of Water Wheels. 1:77-85 3:237-247. 4: 240- 


253. 14: 38-47. 


. How to Build a Small Dam. 3: 231-237. 
. Divers and Diving Bells. 6: 224-239. 11:32-69. 11:304-310. 17: 


40-46. 21: 187-199. 21: 335-340. 23: 271-304. 


. Underground Tunnels and Their Construction. 5: 288-324. 6: 69-97. 


11: 196-225. 


. The Harnessing of Niagara. 15: 120-131. 22: 11-34. 

. The Construction of Dams. 5: 3-40. 

. Caissons and Their Uses. 5: 304-324. 6: 34-62. 10: 47-73. 

. Railway Air-Brakes. 20:118-126. 21: 187-199. 25: 190-199. 

. Water Power in the United States. 12: 166-169. 26: (entire). 

. Pneumatic Water Supplies in Houses. (See references under Unit IV 


—same title.) 


. Discoverers and Inventors in Science (See also page 570.) 


Guericke, Otto von. 7: 20-25. 13: 80-88. 
Westinghouse, George. 18: 275-292. 20: 118-126. 


UNIT XIII: USING STEAM AND EXPLODING GAS 
FOR POWER 


1. REFERENCES 
(A) Booxs 


Baker, R.S. The Boys’ Book of Inventions 
Burns, E. E. The Story of Great Inventions 
CaLpwELL, O. W. Anp Stosson, E. E. Science Remaking the World 
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4. Cocurang, R. The Romance of Industry and Invention 
5. Coxuins, A. F. Keeping Up with Your Motor Car 
6. Cortins, A. F. Motor Car Starting and Lighting 
7. Couns, A. F. Wonders of Chemistry 
8. Couuns, A. F. The Amateur Mechanic 
9. Corsin, T. Mechanical Inventions of Today 
10. Darrow, F. L. The Boys’ Own Book of Great Inventions 
11. Decxrnr, W. F. The Story of the Engine 
12. Dovusiepay, R. Stories of Inventors 
13. Fasre, J. H. The Story Book of Science 
14. Forman, S. E. Stories of Useful Inventions 
15. Fournrer D’ALBE, E. E. Wonders of Physical Science 
16. Gipson, C. R. Chemistry and Its Mysteries 
17. Hotianp, R.S. Historic Inventions 
18. Inms, G. Flame, Electricity, and the Camera 
19. Morrert, C. Careers of Danger and Daring 
20. Mowry, W. A. anp A. M. American Inventions and Inventors 
21. Parkman, M. R. Conquests of Invention 
22. RocHELEAv, W. F. Great American Industries, Vol. III. 
23. Tappan, EH. M. Travelers and Traveling 
24. Tuurstone, R.H. Robert Fulton 
25. Verrity, A. H. Harper’s Gasoline Engine Book 
26. Witiiams, H.S. The Conquest of Sea and Land 
27. Wiuurams, A. How It Works 
28. Wiuttams, A. The Romance of Modern Inventions 
29. Wiuurams, A. Thinking It Out 
30. Wixiiams, A. Wonders of Mechanical Ingenuity 


(B) PAMPHLETS AND BULLETINS 


31. Farmers’ Butietin No. 1013. ‘Practical Hints on Running a Gas 


Engine.” 5¢. 
32. Conant, J. B. “Chemistry of the Automobile.” Macmillan Co. 
12¢. 


33. Brack, H. N. “Physics of the Automobile.”” Macmillan Co. 12¢. 


2. GUIDE TO REFERENCES 


(A) GENERAL 
14: 7-36. 


(B) Sprciric Topics 


1. Generation of Steam for Power. 7: .24-26. 8:112-115. 11: 36-60. 
133 216-226. 273 14-31), 293285-296, 
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Construction and Operation of the Steam Engine. 8:122-131. 11: 
61-102. 27: 44-59. 


. The Steam Locomotive. 10: 206-211. 11: 102-128. 


4. Construction and Operation of the Gas Engine. 4:12-20. 5: 61-78, 


8: 135-147. 10: 212-231. 11: 178-248. 16: 103-121. 27:87-111. 30: 
112-129. 31: (entire). 32: (entire). 33: (entire). 


3. TOPICS AND PROJECTS FOR INVESTIGATION 


. History of the Steam Engine. 1:244. 10: 194-206. 11:21-36. 15: 


88-100. 17: 70-83. 18: 48-63. 24: 1-27. 29: 223-225. 


. Development of the Modern Locomotive. 10: 206-211. 17: 140-167. 


26: 98-118. 


. History of the Gas Engine. 2: 150-154. 4: 192-204. 9: 296-313. 10: 


212-231. 12: 67-85. 28: 224-258. 


. From Cart to Automobile. 1:119-169. 26: 128-145. 
. Safety Devices for the Boiler—Safety Valve, Water Gauge, Steam 


Gauge, and Speed Governor. 1: 35-36. 8: 119-122. 16: 116-118. 27: 
31-39. 27: 67-70. 


. The Automobile Industry. 3: 12-46. 23: 74-81. 

. Engineering as a Profession. 19: 377-418. 

. Steam Turbines. 2:163-171. 10: 205-206. 11: 128-163. 27: 74-86. 
. Hot-Air Engines. 8: 132-135. 

. Compound Steam Engines. 27: 59-62. 

. The Gasoline System of the Automobile. 5: 78-94. 25: 34-46. 

. Ignition System. 5: 94-111. 

. How the Automobile Is Lubricated. 5: 112-126. 

. How Gas Engines Are Kept Cool. 5: 127-137. 25: 20-34. 

. Transmitting Power in the Automobile. 25: 200-224. 


. The Lighting and Starting System of an Automobile. 5: 158-151. 


6: (entire). 25: 46-73. 


. Discoverers and Inventors in Science. (See also page 570.) 


Newcomen, Thomas. 2: 36-38. 10: 194-206. 

Papin, Denis. 2: 34-35. 15: 88-100. 

Stephenson, George. 2: 155-163. 17: 140-167. 26: 98-118. 
Watt, James. 2: 38-42. 10: 194-206. 17: 70-83. 21: 19-216. 
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CON AMR WN 


UNIT XIV: GENERATING AND USING ELECTRICITY 
1. REFERENCES 
(A) Booxs 


Apams, J. H. Harper’s Electricity Book for Boys 
AnpeErRsoN, F. J. Electricity for the Farm 
Baker, R.S. The Boys’ Second Book of Inventions 
_ Burns, E. E. The Story of Great Inventions 
CuarkE, C. R. The Boys’ Book of Chemistry 
Couns, A. F. Wonders of Chemistry 
. Coutus, A. F. The Amateur Mechanic 
. Darrow, F. L. The Boys’ Own Book of Great Inventions 


. Darrow, F. L. The Boys’ Own Book of Science 


. Fapre, J. H. The Story Book of Science 
. Fournimr, d’AuBE, E. E. Wonders of Physical Science 
Gipson, C. R. Chemistry and Its Mysteries 


. Gipson, C.R. Heroes of Science 


Hai, A. N. Homemade Toys for Girls and Boys 
. Houston, E. J. The Wonder Book of Magnetism 
Ines, G. Flame, Electricity, and the Camera 

. JOHNSON, V. E. Electricity and Electrical Magic 
Kwox, G. D. All about Engineering 

Korstrr, F. Electricity for the Farm and Home 


. Meravowcrort, W. H. The Boy’s Life of Edison 

. Morean, A. P. The Boy Electrician 

2, Purup, J.C. The Romance of Modern Chemistry 

. Reerz, H.C. Electroplating 

. Rep, W. anp OrnEers. Careers for the Coming Men 
5. Stosson, E. E. Creative Chemistry 

. St. Jonn, T. M. The Study of the Electric Motor by Experiment 
. St. Jonn, T. M. Real Electric Toy Making for Boys 

. Tappan, E. M. Travelers and Traveling 

. Witurams, H. 8. The Conquest of Sea and Land 

. Witurams, A. How It Works 

. Witiiams, A. How It Is Made 

. Wiurrams, A. The Romance of Modern Engineering 

. WiuLoucuBy, G. A. Practical Electricity for Beginners 
. Woopuutt, J. F. Electricity and Its Everyday Uses 


. Wriaut, H. C. Children’s Stories of the Great Scientists 


3. Yarrs, R. F. The Boys’ Play Book of Chemistry 
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37. 


38. 


39. 
40. 
41. 


(B) PAMPHLETS AND BULLETINS 


Farmers’ BuLuetin No. 1430. ‘Power for the Farm from Small 
Streams.” 5¢. 

U. S. Stenau Orrice Trarninea Pampuiet No. 7. “Primary Bat- 
teries.”” 10¢. 


BuREAU OF STANDARDS CrrcuLARS: 
No. 75. “Safety for the Household.” 25¢. 


No. 92. “Operation and Care of Vehicle-Type Batteries.” 25¢. 
No. 55. ‘Measurements for the Household.” 25¢. 


2. GUIDE TO REFERENCES 


Speciric Topics 


. Primary Electric Cells. 1: 12-32. 4:88-96. 5: 167-172. 6: 173-180. 


8: 251-256. 16: 135-152. 21:53-81. 22: 290-301. 23:15-20. 34: 
248-262. 38: (entire). 


. Measurement of Electricity. 2:98-108. 7: 166-168. 21:92-99. 33: 


28-32. 33: 82-92. 41: 82-90. 


. Storage Cells and Batteries. 1:21-29. 1: 229-249. 5:172-173. 6: 


180-183. 7: 175-177. 8: 272-276. 9: 230-234. 20: 274-282. 33: 22-25. 


. Magnetism and Electromagnetism. 1:54-59. 8:1-15. 15: (entire). 


17: 13-43. 21: 82-91. 30: 115-118. 


. The Construction and Operation of Dynamos. 1: 229-241. 2: 89-120. 


4: 96-110. 7: 169-173. 8: 276-296. 11: 159-169. 21:301-317. 30: 
159-177. 33: 25-26. 34: 3-25. 


. The Construction and Operation of Motors. 7: 173-174. 8: 284-289. 


17: 44-53. 21:289-300. 26: (entire). 27:75-81. 27:97-114. 30: 
177-179. 34: 43-56. 


. Electroplating. 5:178-185. 6: 183-187. 9: 224-228. 23: (entire). 


30: 185-186. 31: 458-460. 36: 153-154. 


3. TOPICS AND PROJECTS FOR INVESTIGATION 


. Home Construction of Cells. 1: 12-32. 27: 31-34. 
. History of Electricity. 1: 238-240. 4: 48-86. 8: 246-251. 8: 276-280. 


11: 100-123. 11: 159-169. 16: 94-109. 


. Static Electricity. 1: 312-326. 8: 244-251. 10:150-191. 11: 100-113. 


17: 76-102. 21:16-52. 27: 13-25. 
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4. Electric Furnaces and Heaters. 1: 340-343. 3:113-152. 6: 225-239. 
8: 258-260. 8: 321-325. 9:148-163. 16: 110-120. 19: 119-209. 25: 
236-262. 30: 59-65. 33: 97-159. 

5. Electrotyping. 1: 291-293. 9: 228-229. 


6. Electrolysis. 5:173-178. 6:16-18. 8: 261-262. 9:219-224. 12: 
158-170. 36: 147-150. 


7. Dangers in Using Electricity. 33: 94-100. 34: 168-177. 39: 1-44. 

8. How to Make a Rheostat. 1: 125-155. 

9. How to Electroplate with Different Metals. 1: 266-290. 8: 262-265. 
12: 158-170. 

10. How to Make an Electric Motor. 1: 255-265. 8:290-291. 14: 132- 
185. 17: 44-53. 21: 318-333. 

11. How to Make a Small Dynamo. 1: 220-254. 

12. How to Make an Induction Coil. 1: 59-76. 

13. Homemade Push Buttons and Switches. 1: 33-54. 

14. Making Electromagnetic Toys. 27:1-12. 27: 26-30. 27: 39-74. 

15. Electric Power on the Farm. 2:3-31. 19: (entire). 37: (entire). 


16. Electric Trolley Cars and Railways. 1:255. 8: 296-298. 20: 229- 
238. 28: 54-62. 29: 146-159. 


17. Electrical Engineering as a Vocation. 24: 89-98. 


18. How Electricity is Generated at Niagara. 8:292-296. 18: 169-171. 
32: 11-34. 
19. Electric Automobiles. 40: (entire). 


20. Electrical Measuring Instruments. 1:102-121. 21:116-139. 34: 
25-438. 34: 84-93. 

21. Discoverers and Inventors in Science. (See also page 570.) 
Ampere, André. 4: 67-69. 
Boyle, Robert. 11: 100-113. 
Davy, Sir Humphrey. 13: 226-247. 35: 226-237. 
Edison, Thomas. 20: (entire). 29: 146-159. 
Faraday, Michael. 4: 55-56: 4: 71-86. 8: 276-280. 11: 159-169. 13: 
248-264. 35: 226-237. 
Franklin, Benjamin. 4: 46-50. 10: 165-171. 11: 109-123. 13: 134- 
163. 35: 66-89. 
Galvani, Luigi. 4: 50-53. 8: 251-258. 11:116-118. 12: 158-170. 
Gilbert, Wiliam. 11:100-118. 11: 34-41, 
Oersted, Hans. 4: 55-67. 
Volta, Alessandro. 4: 53-54, 8: 251-258. 11:117-122. 12: 158-170. 
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. Parkman, M.R. Conquests of Invention 

. Percrvan, G. A. The Electric Lamp Industry 
. Rout-WueeEter, F. Thomas A. Edison 

. Wiiuiams, H.S. Science and Industry 

. Witu1ams, A. How It Works 
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UNIT XV: LIGHTING OUR BUILDINGS AND STREETS 
1. REFERENCES 
(A) Booxs 


. Apams, J. H. Harper’s Electricity Book for Boys 


ALLEN, J. K. Sanitation in the Modern Home 
ANDERSON, F. L. Electricity for the Farm 

Baxer, R. 8. The Boys’ Second Book of Inventions 
Bonn, A. R. The American Boys’ Engineering Book 
Burns, E. E. The Story of Great Inventions 
CaRPENTER, F.G. How the World is Housed 
CuarkE, C. R. The Boys’ Book of Chemistry 

. Corus, A. F. The Book of Stars 

Cours, A. F. Wonders of Chemistry 

Darrow, F. L. The Boys’ Own Book of Great Inventions 
Darrow, IF. L. The Boys’ Own Book of Science 
Dovustepay, R. Stories of Inventors 

Eariz, A. M. Home Life in Colonial Days 
Forman, 8. E. Stories of Useful Inventions 


. Gipson, C.R. The Romance of Modern Manufacture 


. Gipson, C. R. The Romance of Modern Photography 
. Gopinez, F. L. The Lighting Book 


. Hatt, A. N. Homemade Toys for Girls and Boys 
. Houston, E. J. The Wonder Book of Light 
. Inzs,G. Flame, Electricity, and the Camera 


Jounson, V. E. Modern Inventions 

Korster, F. Electricity for the Farm and Home 
Lescarspoura, A.C. Behind the Motion Picture Screen 
Merapowcrort, W. H. The Boy’s Life of Edison 

Mowry, W. A. anp A. M. American Inventions and Inventors 


Witurams, A. The Romance of Modern Invention 


. Wiiit1ams, A. Thinking It Out 


WittovacuBy. Practical Electricity for Beginners 


. Woopuutt, J. F. Electricity and Its Everyday Uses 
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(B) PAMPHLETS AND BULLETINS 


36. AGRICULTURE YEAR Book Separate No. 770. “Electric Light and 
Power from Small Streams.” 5¢. 
BUREAU OF STANDARDS CIRCULARS: 
37. No. 55. ‘‘Measurements for the Household.” 25¢. 
38. No. 70. ‘Materials for the Household.” 25¢. 
Tue MENTOR: 
39. “The Story of the Lens.” 25¢. 
40. “Photography.” 25¢. 
Eastman Kopak Company PAMPHLETS: 
41. “Elementary Photographic Chemistry.” 
42. “How to Make Good Pictures.”’ 
43. “About Lenses.”’ 
44. “The Velox Book.” 
45. “By Flashlight.’’ 
46. Tue Menror. “The History of the Motion Picture.”’ 35¢. 


2. GUIDE TO REFERENCES 


(A) GENERAL 
2: 238-250. 18: 8-109. 20: 257-269. 38: 223-224. 


(B) Sprcrric Topics 


Gas Lighting. 2: 238-250. 26: 61-89. 

2. Lighting with Electricity. 3: 172-191. 7: 299-307. 23: 210-224. 31: 
179-185. 34: 39-46. 34: 53-57. 36: (entire). 38: 227-228. 

3. Direct, Indirect, and Semi-Direct Lighting. 33: 302-304. 


4. Properties of Light—Speed, Intensity, Refraction, and Reflection. 9: 
131-1385. 20: 8-34. 20: 257-269. 33: 298-315. 37: 70-81. 


. 


3. TOPICS AND PROJECTS FOR INVESTIGATION 


1. Early Methods of Lighting. 7: 278-281. 7: 307-314. 11: 299-306. 
14: 32-51. 15: 28-37. 26: 61-89. 

2. History of Electric Lighting. 11: 301-305. 21: 121-134. 25: (entire). 
26: 88-90. 30: 154-160. 32: 330-346. 

3. How Electric Lamp Bulbs Are Made. 28:1-66. 28: 95-109. 

4. A Homemade Transformer. 11: 282. 

5. How to Make an Arc Light. 11: 260-261. 
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6. 


We 


How to Make an Electric Light Filament Glow with an Electromagnet. 
11: 281-282. 


Electric Lamp Industry. 28: (entire). 


8. How to Make an Electric Lamp. 11: 306-307. 
9. Electric Arc Lights (Cooper-Hewitt, Flaming Arc, and Ordinary Arc). 


10. 
1 
12. 


13: 
14. 
15s 
16. 
17. 


18. 


19. 


1: 336-338. 4: 293-320. 28: 67-94. 

The Acetylene Lamps. 11: 305-308. 

Lighting Circuit Troubles. 34: 72-81. 

Moving Pictures. 13:113-131. 22:1-29. 24: (entire). 29: 157-175. 
46: (entire). 

Lenses and Their Uses. 20: 75-84. 39: (entire). 43: (entire). 
Making Gas Mantles. 16: 232-234. 

Mirrors and How They Work. 20: 35-50. 

Magnifying Lenses and the Miscroscope. 31: 254-256. 31: 261-263. 
The Telescope. 5: 88-109. 6:9-18. 9: 136-144. 11: 367-377. 12: 
3867-372. 31: 257-261. 

Photography and the Camera. 8:189-202. 10: 164-171. 12: 237- 
276. 17: (entire). 31: 233-246. 32: 317-330. 40: (entire). 41: (entire). 
42: (entire). 43: (entire). 44: (entire). 45: (entire). 

Discoverers and Inventors in Science. (See also page 570.) 

Edison, Thomas. 11: 301-303. 25: (entire). 27: 159-188. 30: 154-160. 
Galilei, Galileo. 6:9-18. 12: 367-372. 


UNIT XVI: COMMUNICATING WITH OUR NEIGHBORS 


1. REFERENCES 
(A) Booxs 


Axspott, C. G. Everyday Mysteries 

Apams, J. H. Harper’s Electricity Book for Boys 
Baker, R.S. The Boys’ Book of Inventions 
Baker, R.S. The Boys’ Second Book of Inventions 
Bonn, A. R. The American Boys’ Engineering Book 
Bonp, A. R. Inventions of the Great War 

Bonp, A. R. The Scientific American Boy 


. Bonp, A. R. With the Men Who Do Things 

. Braga, W. The World of Sound 

. Burns, E. E. The Story of Great Inventions 

. CALDWELL, O. W. anv Stosson, E. E. Science Remaking the World 


CHAMBERLAIN, J. F. How We Travel 
Cocurang, R. The Romance of Industry and Invention 
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Cotuns, A. F. The Book of Wireless Telegraph and Telephone 


. Coxtuins, A. F. The Radio Amateur’s Handbook 


Couuins, A. F. anp V. The Boys’ Book of Submarines 
Couns, F. A. The Wireless Man 
Corsrin, T. The Romance of War Inventions 


. Corsin, T. The Romance of Submarine Engineering 

. Darrow, F. L. The Boys’ Own Book of Great Inventions 
. Dorutne, T. D. All about Ships 

. Dousiepay, R. Stories of Inventors 

. DuPuy, W. A. Uncle Sam’s Modern Miracles 

. Exuiorr, G. F.S. The Romance of Savage Life 

. Forman, 8. E. Stories of Useful Inventions 


FouRNIER D’ALBE, E. E. Wonders of Physical Science 
Gipson, C. R. The Romance of Modern Manufacture 


. Hatt, A. N. Homemade Toys for Girls and Boys 
. Haut, A. N. Handicraft for Handy Boys 


Hasxiy, F. J. The American Government 


. Houuanp, R.S8. Historic Inventions 


Ites, G. Flame, Electricity, and the Camera 


. Ines,G. Leading American Inventors 


Jounson, V. E. Modern Inventions 


. Kenpa.t, L. F. anp Korner, R. P. Radio Simplified 


Korster, F. Electricity for the Farm and Home 


. Kyox, G. D. All about Engineering 
. Langs, M. A. L. Triumphs of Science 
. Marriortr, C. Uncle Sam’s Business 


Meravowcrort, W. H. The Boy’s Life of Edison 


. Miuts, J. Letters of a Radio-Engineer to His Son 


Moraan, A. P. The Boy Electrician 


. Mowry, W. A. anp A. M. American Inventions and Inventors 

. Parkman, M. R. Conquests of Invention 

. Percivat, G. A. The Electric Lamp Industry 

5. Reynotps, M. J. How Man Conquered Nature 

. Rocupreau, W. F. Great American Industries, Vol. III. 

. Swron, E.T. and BADEN-POWELL, Str ROBERT. Boy Scouts of America: 


Official Handbook 


9. Snoparass, G. A. anp Camp, V. F. Radio Receiving for Beginners 
. Tappan, E. M. Travelers and Traveling 

. Tappan, E. M. Makers of Many Things 

2. WiuuiaMs, H.$. The Conquest of Air and Ether 

. WitutaMs, A. How It Works 

54. Winiiams, A. The Romance of Modern Inventions 


Woopuutt, J. F. Electricity and Its Everyday Uses 
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(B) PAMPHLETS AND BULLETINS 


. Farmers’ Butietin No. 922. “Parcel Post Business Methods.” 5¢. 
. Bureau or Census InNTERCENSAL BULLETIN (1900-1924). ‘“Tele- 


phones and Telegraphs.”’ 10¢. 


. War Document No. 1069. “The Principles Underlying Radio 


Communication.’’ $1.00. 


2. GUIDE TO REFERENCES 


(A) GENERAL 
24: 278-291. 25: 246-266. 43: 247-294. 46: 200-210. 


(B) Speciric Topics 


. The Telegraph. 42: 150-170. 53: 127-136. 55:59-68. 57: (entire). 
. The Electric Bell and Buzzer. 1: 60-67. 2: 78-101. 42: 140-150. 53: 


119-121. 55: 69-73. 55: 296-299. 


. The Telephone. 2:156-190. 20:61-71. 36: 225-244. 42: 170-193. 


53: 147-152. 55: 93-95. 55: 274-295. 57: (entire). 


. Wireless Telegraphy and Telephony. 6: 184-209. 10: 208-225. 


14 
(entire). 15: (entire). 17: (entire). 20: 92-134. 35: (entire). 41: 
(entire). 42: 237-238. 49: 1-100. 53: 137-146. 58: (entire). 


. Sound and Its Properties. 9: 1-30. 9: 99-130. 


6. The Induction Coil and Transformer. 28: 124-132. 42: 194-236. 53: 


10. 


i, 


12. 
13. 


121-123. 


. The Electron Theory of the Electric Current. 11: 28-97. 
. History of the Telegraph. 10:126-139. 12: 162-167. 13: 269-295. 


20: 25-33. 26: 124-136. 31: 168-188. 32: 177-192. 33: 119-172. 43: 
270-277. 44: 350-378. 52: 1-31. 


. History of the Telephone. 10: 139-147. 12: 168-173. 20: 40-60. 26: 


136-149. 31:215-232. 32: 228-246. 43: 286-292. 44:379-395. 52: 
69-102. 54: 39-54. 

History of Wireless. 3: 79-117. 4: 207-254. 18: 240-250. 20: 72- 
91. 22:1-26. 26:170-177. 34: 206-231. 44: 396-408. 52: 49-68. 
54: 7-28. 

Submarine or Ocean Cables. 8: 240-254. 12:173-178. 19: 226-272. 
20: 35-39. 32:193-201. 37: 250-264. 38:1-13. 43: 278-285. 52: 
32-48. 79: 226-271. 

A Telephone Exchange. 20:61-71. 22: 181-198. 53: 152-157. 


Duplex Telegraphy. 20: 33-35. 
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Signalling by Light, by Semaphore, and by Other Methods. 5: 
130-135. 7:144-157. 16: 143-156. 21: 246-258. 43: 265-269. 48: 
54-62. 


. Picture Writing of Early Days. 25: 227-245. 32: 262-276. 43: 247-251. 
. History of Printing. 1: 185-198. 10:243. 25: 227-245. 27: 207- 


220. 31:9-41. 33: 393-435. 43: 252-257. 46: 200-210. 47: 160-221. 
54: 306-317. 


. Making a Book. 39: 210-221. 47: 222-236. 51: 26-45. 
. The United States Mail. 1:185-190. 12:144-161. 13: 247-269. 


23: 177-187. 30:131-150. 39: 281-297. 50:15-25. 56: (entire). 


. The Phonograph. 3: 249-280. 10: 147-149. 13: 290-295. 53: 310- 


321. 54: 54-72. 


. The Human Ear. 53: 271-277. 

. Making a Telegraph at Home. 2: 190-200. 

. Making a Wireless at Home. 29: 219-255. 

. Discoverers and Inventors in Science. (See also page 570.) 


Bell, Alexander. 10: 140-146. 12: 168-173. 20: 40-49. 31: 215-232. 
44: 379-395. 

De Forest, Lee. 10: 221-224. 

Edison, Thomas. 6: 118-125. 40: (entire). 45: xi-xxi. 

Field, Cyrus. 20: 35-39. 

Gutenberg, Johann. 31: 9-41. 

Marconi, Guglielmo. 3: 79-117. 4: 207-254. 10: 208-220. 20: 81-88. 
22: 1-26. 26:170-177. 44: 396-408. 

Mergenthaler, Ottmer. 33: 393-485. 

Morse, S. F. B. 10: 126-186. 20: 25-33. 31: 168-188. 33: 119-172. 
44: 350-378. 

Sholes, Christopher. 33: 315-338. 


UNIT XVII: TRANSPORTATION BY LAND, WATER, 
AND AIR 
1. REFERENCES 
(A) Booxs 


. Asport, C.G. Everyday Mysteries 
. Baker, R. 8. The Boys’ Book of Inventions 


Baker, R. 8. The Boys’ Second Book of Inventions 
Bisnop, F. The Story of the Submarine 
Bonp, A. R. On the Battlefront of Engineering 


. Bonn, A. R. The American Boys’ Engineering Book 


Bonp, A. R. Inventions of the Great War 
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Bonn, A. R. The Scientific American Boy 
Bonp, A. R. The Scientific American Boy at School 
Bonp, A. R. With the Men Who Do Things 


. Brooxs, E. C. The Story of Corn 

. Burns, E. E. The Story of Great Inventions 

. Camp, W. The Book of Sport and Games 

. CHAMBERLAIN, J. F. How We Travel 

. Cocurang, R. The Romance of Industry and Invention 
. Coxuins, A. F. anp V. D. The Boys’ Book of Submarines 
. Couirys, A. F. The Book of Stars 

. Coxuins, A. F. Wonders of Chemistry 

. Coxuins, F. A. Sentinels Along Our Coast 

. Coruins, F. A. The Air Man 

. Coxuins, F. A. Our Harbors and Inland Waterways 

. Cooxn, A. O. A Day in a Shipyard 

. Corsin, T. The Romance of Submarine Engineering 

. Corpin, T. Marvels of Scientific Invention 

. Corsrn, T. The Romance of War Inventions 

. Curtiss, GH. anp Post, A. The Curtiss Aviation Book 
. Darrow, F. L. The Boys’ Own Book of Great Inventions 
. Drtacomsn, H. The Boys’ Book of Air Ships 

. Dorutne, T. D. All about Ships 

. DousuEepay, R. Stories of Inventors 

. DuPuy, W. A. Uncle Sam’s Modern Miracles 

. Harun, A. M. Home Life in Colonial Days 

. Extiorr, G. F.S. The Romance of Savage Life 


Fasre, J. H. The Wonder Book of Chemistry 
Forman, 8S. E. Stories of Useful Inventions 
Fournier, D’ALBE, FE. E. Wonders of Physical Science 


. Gipson, C. R. The Romance of Modern Manufacture 
. Gipson, C. R. Heroes of Science . 

. Gopparp, D. Eminent Engineers 

. Hate, E. E. Stories of Invention 

. Hatz, A. N. Homemade Toys for Girls and Boys 

. Haut, A. N. Handicraft for Handy Boys 


Haskin, F. J. The American Government 


. Hasxin, F. J. The Panama Canal 


Houianp, R. S. Historic Inventions 


. Houston, E. J. The Wonder Book of Magnetism 
. Howpen, J. R. The Boys’ Book of Steamships 
. Huszarp, T. O. anp Turner, C.8. The Boys’ Book of Aeroplanes 


Huspanp, J. The Story of the Pullman Car 


. Inus,G. Flame, Electricity, and the Camera 
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. Ines,G. Leading American Inventors 

. Jacosy, H. Practical Talks by an Astronomer 
. Jounson, V. E. Modern Inventions 

. Knox, G. D. All about Engineering 

. Lang, M. A. L. Triumphs of Science 

. Marriott, C. Uncle Sam’s Business 

. Mitier, C. M. Kite Craft 


Morrett, C. Careers of Danger and Daring 
Moopy, J. The Railroad Builders 


. Moraan, A. P. Model Flying Machines 

. Morris, C. Home Life in All Lands, Book II 

. Mowry, W. A. anp A. M. American Inventors and Inventions 
. Parkman, M. R. Conquests of Invention 

. Ravenzt, 8. W. Ravenel’s Road Primer 

. Ret, W. AnD OTHERS. Careers for Coming Men 

. RocuerEau, W. F. Great American Industries, Vol. 4 

. Szers, A. W. The Earth and Its Life 

. Suvmonps, R. All About Air-Ships 

. Smirn, L. Y. The Romance of Aircraft 


Tappan, HE. M. Travelers and Traveling 


. Txuurstone, R. H. Robert Fulton 

. Turner, C.C. Aircraft of Today 

. VERNE, JULES. Five Weeks in a Balloon 

. Verritt, A. H. The Ocean and Its Mysteries 

. VerritL, A. H. The Book of the Sail Boat 

. Warman, C. The Story of the Railroad 

. Wiuriams, H.S. The Conquest of Air and Ether 

. Wiutrams, H. 8. The Conquest of Sea and Land 

. Witriams, A. The Romance of Modern Locomotion 


Wiuirams, A. How It Works 


. Wriurams, A. The Romance of Modern Engineering 
. Wruntams, A. The Romance of Modern Invention 
. Wruutams, A. A Book of the Sea 


Wiuurams, A. Thinking It Out 
(B) PAMPHLETS AND BULLETINS 


FarMmErS’ BULLETINS: 
No. 338. “Macadam Roads.” 5¢. 


. No. 505. “Benefits of Improved Roads.’’ 5¢. 

. No, 246. “Vitrified Brick Pavements for Country Roads.” 10¢. 
. No. 660. “Highway Coast Keeping.” 10¢. 

. No. 1077. “Portland Cement Concrete Roads.” 15¢. 

. “Public Roads in the U. 8.” 10¢. 
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91. AGricuLTuRE YEAR Book Separate No. 727. “Design of Public 


Roads.” 5¢. 

92. Bureau or Epucation Buiietin No. 26. “Good Roads Arbor 
Day.” 10¢. 

93. U.S. Surprine Boarp Emercency FLeer Corporation. “Building 


of a Wooden Ship.” 5¢. 


Taytor InstruMENT CoMPANIES PAMPHLETS: 
94. “Weather and Weather Instruments.” 50¢. 
95. “The Compass, the Signpost of the World.’”’ 10¢. 


THe Mentor: 
96. “Conquest of the Air.” 25¢. 
97. “Aerial Navigation.” 25¢. 


2. GUIDE TO REFERENCES 
(A) GENERAL 


20: (entire). 26: (entire). 29: (entire). 48: (entire). 62: 187-244. 
68: (entire). 69: (entire). 72: (entire). 


(B) Speciric Topics 


1. Roads and Road Building. 31: 143-154. 54:85-99. 64: (entire). 66: 
31-49. 70: 108-120. 85: (entire). 86: (entire). 87: (entire). 88: (entire). 
89: (entire). 90: (entire). 91: (entire). 92: (entire). 

. Cutting Down Wind Resistance. 84: 230-240. 

. Archimedes and the Principles of Buoyancy. 12:6-7. 84: 211-215. 

. Sailboats. 13:83-128. 66: 53-64. 

. Propelling Ships by Steam. 12: 244. 30:85-96. 47: 78-120. 78: 
51-76. 


6. The Compass and Its Use. 17: 76-82. 19: 255-272. 29: 259-266. 36: 
34-49. 46: 197-238. 55: 147-154. 75: 139-144. 78:1-14. 83: 64-86. 
04: 142-156. 95: (entire). 

7. The Log. 29: 267-274. 

8. Latitude and Longitude. 17: 82-87. 83: 90-102. 

9. Balloons and Dirigibles. 3: 27-78. 7: 148-168. 28: 18-26. 53: 47-68. 
58:87-172. 68:32-62. 69:(entire). 72:51-60. 73: (entire). 97: 
(entire) 

10. Airplanes—Their Construction and Operation. 2:321-354. 25: 
284-296. 27:160-172. 48:1-72. 53:69-127. 60:5-17. 68: 89-204. 
69: (entire). 72:117-148. 84: 241-267. 97: (entire). 
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3. TOPICS AND PROJECTS FOR INVESTIGATION 


1. Early Travel and Exploration. 14: 10-71. 21: (entire). 33: 266-277. 
61: 139-169. 62: 187-206. 67: 184-198. 


2. Ship Building and Launching. 10: 176-182. 22: (entire). 25: 184-239. 
29: 31-48. 29:188-196. 37: 299-312. 47: 25-63. 54: 332-348. 55: 
84-99. 56: 184-192. 81: 308-333. 93: (entire). 


. Making a Canvas Canoe. 8: 109-123. 9: 258-266. 

. Building a Small Boat. 9: 18-27. 9:64-72. 9: 297-308. 

. The Work of the Ship’s Crew. 47: 144-169. 

. Types of Ships. 7: 298-310. 47: 170-205. 66: 206-280. 

. History of Water Transportation. 14: 122-130 15: 215-245. 27: 
204-205. 29: 1-31. 35: 191-210. 39: 18-48. 40: 172-192. 45: 111-125. 
47: 1-25. 47:63-77. 51: 3-75. 62: 206-222. 63: 222-241. 67: 184-198. . 
71: (entire). 75: 1-10. 83: 9-65. 

8. Submarines and Their Operation. 2:1-39. 4:3-123. 7: 232-276. 
7: 310-339. 10: 197-213. 12:190-198. 16: (entire). 23: 67-141. 24: 
78-108. 25: 223-239. 27: 173-193. 36: 153-180. 53: 30-46. 55: 69-83. 
78: 77-97. 82: 143-166. 

9. Inland Water Transportation. 11: 167-182. 13: 129-141. 21: 199-218. 
66: 110-147. 70: 82-94. 81: 245-267. 

10. Docks and Dry Docks. 10:183-196. 23:179-195. 29: 212-220. 
54: 349-357. 81: 333-349. 

11. Harbors. 21: (entire). 

12. Flags at Sea. 29: 235-245. 

13. Lighthouses and Light-Ships. 3: 255-292. 19: (entire). 29: 307-317. 
54: 283-301. 55: 49-56. 74: 80-99. 75: 125-1388. 83: 120-206. 

14. Sound Warnings at Sea. 83: 207-231. 

15. Life Boats and Their Work. 30:97-112. 83: 232-270. 

16. Aircraft in War. 7: 123-148. 43:171-178. 48:79-112. 72: 215-279. 

17. How to Make a Model Airplane. 27: 167-172. 41:21-33. 42: 
297-326. 60: (entire). 68: 333-337. 

18. Kites. 2: 205-247. 27: 156-160. 41: 9-21. 57: (entire). 

19. How to Make a Glider. 9: 187-197. 

20. Famous Balloon Races. 28: 48-50. 

21. Sensations During Flying. 68: 271-299. 72: 149-173. 


22. History of Air Transportation. 12: 173-190. 12:237. 14: 138-144. 
26: (entire). 27: 134-155. 28:2-13. 30:27-51. 36:190-201. 48: 
89-201. 63:325-329. 63: 330-346. 68: 1-181. 72: 11-35. 72: 74-82. 
77: 103-190. 82: 284-306. 96: (entire). 
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23. 


24. 
25. 
26. 


27 


28. 
29. 


30. 
31. 
32. 
33. 


34, 
395. 
36. 
S¥f 
38. 
39. 
40. 
41. 
42. 
43. 


History of Land Transportation. 1: 68-76. 11: 183-196. 14: 107-110. 
15: 192-204. 35:168-190. 40: 193-218. 49: 1-39. 63:310-324. 66: 
5-31. 78: 126-127. 79: 250-267. 

The Story of the Pullman Car. 49: (entire). 

Block Signaling on Railroads. 70:1-14. 79:174-189. 80: 201-229. 
Bridge Building. 5: 183-210. 8:95-108. 8:292-310. 9: 121-140. 
10: 98-109. 30: 131-152. 54: 216-242. 58:173-208. 81: 82-127. 
Electric Railways. 12: 110-117. 27:296-298. 50: 162-176: 66: 
229-233. 

Railroad Tunnels. 55: 100-119. 81: 204-225. 

Building and Operating Railroads. 54: 302-309. 59: (entire). 62: 
223-229. 65:73-82. 66: 148-226. 70:1-14. 70: 36-43. 70: 63-73. 
76: (entire). 79: 164-173. 79: 228-297. 81: 139-182. 
Transportation and Travelin Colonial Times. 14: 10-14. 32: 325-363. 
Helium Gas. 18: 78-81. 

The Construction of Locomotives. 79: 268-287. 

The Development of the Modern Locomotives. 51: 218-275. 63: 
139-158. 63: 242-274. 

Causes of Railroad Accidents. 79: 220-214. 

Interesting Railroads. 79: 18-128. 79: 153-163. 79: 215-234. 

The Panama Canal. 44: (entire). 54:12-28. 81: 267-292. 

How to Make a Model Submarine. 16: 23-51. 

Methods of Travel in Foreign Lands. 14: 10-100. 

How to Make a Periscope. 27: 191-193. 

The Gyroscope and Gyro-Car. 27: 1-24. 78: 160-190. 

Navigating Instruments. 52:1-9. 78: 14-24. 94: 142-156. 
Homemade Toy Railway. 6: 142-177. 41: 47-59 

Discoverers and Inventors in Science. (See also page 570.) 
Archimedes. 12:1-8. 36: 1-11. Ericsson, John. 61: 218-275. 
Dumont, Santos. 30: 27-51. Ford, Henry. 63: 310-324. 
Fulton, Robert. 39: 43-48. 40:172-192. 45: 111-125. 51: 40-75. 
63: 222-241. 71: (entire). 78: 51-76. 

Gilbert, William. 26: 34-41. 

Langley, 8S. P. 36: 190-201. 63: 325-329. 77: 155-190. 
Montgolfier Brothers. 36: 190-201. 77: 103-154. 

Murdock, William. 63: 139-158. 

Stephenson, G. 12: 155-163. 39: 207-216. 40: 193-218. 63: 242-274. 
Stevens, John and Robert L. 51: 3-40. 

Wright, Wilbur and Orville. 63: 380-346. 77: 155-190. 

Zeppelin, Count. 36: 190-201. 
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1. REFERENCES 


1. Auten, G. Charles Darwin 

2. Botton, H.C. Evolution of the Thermometer 

3. Burns, E. E. The Story of Great Inventions 

4, CALDWELL, O. W. AND Stosson, E. E. Science Remaking the Werld 
5. Carneqcin, A. James Watt 

6. CHAMBERLAIN, J. F. How We Travel 

7. Coorrer, F. T. Thomas A. Edison 

8. Darrow, F. L. The Boys’ Own Book of Great Inventions 

9. Darrow, F. L. Masters of Science and Invention 
10. Fournter, D’ALBE, E. E. Wonders of Physical Science 
11. FRANKLIN, Bensamin. The Autobiography of Benjamin Franklin 
12. Gipson, C. R. Heroes of Science 
13. Gopparp, D. Eminent Engineers 
14. Haz, H. E. Stories of Invention 
15. Houpren, E.8. Stories of the Great Astronomers 


16. Hoxtuanp, R. 8. Historic Inventions 


17. Hupert, P. G. Inventors 

18. Ines, G. Leading American Inventors 

19. Jones, F. A. Thomas Alva Edison—Sixty Years in an Inventor’s 
Life 

20. Keuiy, H. A. Walter Reed and Yellow Fever 


21. Lopan, Str Otiver. Pioneers of Science 


22. Mpapowcrort, W. H. The Boy’s Life of Edison 
23. Pagan, S. Pasteur and after Pasteur 


24, Parkman, M. R. Heroes of Today 

25. Parkman, M. R. Conquests of Invention 

26. Prarson, H.C. Gutenberg and the Art of Printing 
27. PrercrvaL, G. A. The Electric Lamp Industry 

28. Puitip, J.C. Achievements of Chemical Science 
29. Tuurstonn, R. H. Robert Fulton 

30. Townrs, W. Kk. Masters of Space 

31. Vaturry-Rapot, R. The Life of Pasteur 

32. Wruurams, H. The Conquest of Sea and Land 
33. Witurams, H. Tribute from the Animal World 
34. Wriuttams, H. Tribute from the Mineral World 
35. Witiiams, H. Science and Industry 

36. Wruuiams, H. The Conquest of Air and Ether 
37. Wriaut, H. C. Children’s Stories of the Great Scientists 
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2. GUIDE TO REFERENCES 


Ampere, Andre (Electromagnetism). 3: 67-69. 

Arkwright, Sir Richard (Spinning frame). 9: 44-47. 13: 151-154. 

Archimedes (Lever, density, water screw, endless screw, buoyancy). 
3:1-8. 10: 1-11. 

Bell, Alexander Graham (Telephone). 3: 140-146. 6: 168-172. 8: 40-49. 
9: 281-293. 10: 136-149. 16: 215-232. 17: 264-269. 25:379-395. 30: 
151-187. 

Bessemer, Sir Henry (Steel). 9: 172-180. 13: 265-271. 34:49-51. 

Carroll, James, Dr. (Yellow fever). 20: 272-281. 

Carty, John (Telephone switchboards). 30: 231-249. 

Cavendish, Henry (Chemistry of gases, electricity, density of the earth). 
12: 179-187. 

Clark, Alvan (Telescope lenses). 9: 135-139. 

Dalton, John (Chemistry). 12: 214-225. 

De Forest, Lee (Radio tube). 3: 221-224. 30: 250-263. 

Davy, Sir Humphrey (Safety lamp, electrolysis, are lamp). 12: 226-247. 
37: 212-225. 

Edison, Thomas A. (Telegraph, electric light, cement, phonograph). 
3:118-125. 7: (entire). 8: 301-303. 9:265-280. 10:149-159. 17: 
223-263. 19: (entire). 22: (entire). 27: xi-xxi. 35: 154-160. 

Einstein, Albert (Gravity). 9: 18-26. 

Ericsson, John (Locomotive). 18: 218-275. 

Fahrenheit, Gabriel (Thermometer). 2: 66-79. 

Faraday, Michael (Dynamo). 3: 55-56; 71-86. 8: 276-280. 9: 73-77. 
10: 159-169. 12: 248-264. 37: 226-237. 

Field, Cyrus W. (Ocean Cable). 8: 35-39. 30: 106-150. 

Ford, Henry (Automobile). 25: 310-324. 

Franklin, Benjamin (Hlectricity, lightning rod, almanac). 3: 46-50. 
7: (entire). 10: 100-123. 11: (entire). 12: 134-163. 13: 9-16. 17: 9-44. 
19: (entire). 37: 66-89. 

Fulton, Robert (Steamboat). 9: 103-106. 13: 43-48. 14:172-192. 17: 
45-68. 18:40-75. 25:222-241. 32: 51-76. 

Galilei, Galileo (Clock, falling bodies, telescope, thermometer). 2: 14-25. 
3:9-18. 8:367-372. 9:3-12. 10: 50-64; 65-69. 12: 76-106. 16: 53-69. 
37: 1-34. 

Galvani, Luigi (Electricity). 3: 50-53. 8: 251-258, 10: 116-118. 

Gilbert, William (Compass, earth as a magnet). 10: 34-49. 10: 100-113. 
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Goodyear, Charles (Vulcanization of rubber). 17: 178-206. 18: 176-218. 
25: 110-134. 

Guericke, Otto von (Air pump). 3:20-22. 10: 80-88. 

Gutenberg, Johann (Printing). 16:9-41. 26: (entire). 

Hargreaves, James (Spinning jenny). 9:41-44. 25: 38-48. 

Henry, Joseph (Electromagnet). 9: 140-147. 


Herschel, William and Caroline (Reflecting telescope, astronomy). 9: 58- 
63. 12: 188-218. 21: 274-293. 37: 114-137. 


Holland, John P. (Submarine). 9: 306-313. ; 

Howe, Elias (Sewing machine). 13:79-84. 16: 206-214. 17: 99-110. 
25: 87-106. 35: 75-90. 

Jenner, Edward (Smallpox vaccine). 9: 125-127. 

Kelly, William (Bessemer steel). 25: 310-324. 

Kepler, Johann (Planets). 12: 67-71. 37: 35-48. 

Langley, Samuel P. (Airplane). 10:190-201. 24: 233-259. 25: 325-329. 
36: 155-190. 

La Place, Pierre de (Solar system). 9: 63-66. 

Lavoisier, Antoine (Oxygen, balance). 9: 37-40. 28: 32-40. 

Lazear, Jesse, Dr. (Yellow fever). 20: 281-288. 

Lister, Joseph (Antiseptic surgery). 23: 32-45. 

Marconi, Guglielmo (Wireless telegraphy and telephony). 3: 208-220. 
8: 81-88. 9: 294-305. 10: 170-177. 25:396-408. 30: 199-230. 


McCormick, Cyrus (Reaper). 16:189-205. 17: 207-222. 18:276-315. 
25: 8-28. 

Morse, Samuel (Telegraph). 3: 126-1386. 6: 162-167. 8: 25-33; 35-39. 
9: 148-157. 16:168-188. 17:111-154. 18:119-172. 25: 350-378. 
30: 40-106. 


Montgolfier Brothers (Balloon). 10: 190-201. 36: 103-154. 

Murdock, William (Gas generator, locomotives). 25: 139-158. 

Newcomen, Thomas (Air engine). 3: 36-38. 

Newton, Isaac (Gravity, light). 9:18-17. 12:107-133. 37: 49-65. 

Papin, Denis (Steam engine). 3:34-35. 10: 88-100. 

Pascal, Blaise (Air pressure). 3: 25-27. 

Pasteur, Louis (Germ theory of disease, vaccination). 4: 133-149. 
9: 186-197. 23:32-45. 31: (entire). 33: 38-43. 

Priestley, Joseph (Phlogiston, oxygen). 9:27-33. 12: 164-178. 28: 1-14. 

Reed, Walter (Yellow fever). 20: (entire). 

Rumford, Benjamin (Iriction). 37: 138-153. 
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Scheele, Karl Wilhelm (Oxygen). 9: 33-35. 
Sholes, Christopher (Typewriter). 18: 315-338. 


Stephenson, George (Locomotive). 3: 155-163. 9: 106-110. 13: 207-216. 
16: 140-167. 25: 242-244. 32: 98-118; 51-76. 


Stevens, John and Robert (Screw propeller, sectional boiler). 18: 3-40. 

Telghman, Benjamin (Paper from wood). 18: 369-393. 

Thompson, William, Lord Kelvin (Ocean cable). 30: 106-150. 

Torricelli, Evangelista (Air pressure, barometer). 3:19-20. 10: 65-79. 

Volta, Alessandro (Electric cell). 3: 53-54. 8: 251-258. 10: 117-123. 

Watt, James (Steam engine). 3:38-42. 5: (entire). 8: 194-206. 9: 
99-103. 13: 161-166. 16: 70-83. 25: 191-216. 

Westinghouse, George (Air brake). 9: 253-264. 25: 275-292. 32: 118-126. 

Whitney, Eli (Cotton gin). 9:53-57. 13:61-69. 13:97-110. 17: 69-98. 
18: 75-104. 25: 63-79. 

Wright, Orville and Wilbur (Airplane). 9: 315-325. 10:190-201. 25: 
330-346. 36: 155-190. 

Zeppelin, Count (Dirigible). 10: 190-201. 
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PRONUNCIATION LIST 


Note to Students. This is a list of the important scientific 
words and proper names found in the text which may be diffi- 
cult for you to pronounce. Following each of the terms and 
names you will find the proper pronunciation. Though some 
words have more than one pronunciation, it will be well for 
you to use the one here given. Foreign proper names are here 
marked as they are pronounced in foreign countries. The 
marked letters are sounded according to the letters in the 
following list of sample words as given in Webster’s Dictionary. 


ale, sendte, cre, im,irm,sofa; old, ébey, érb, ddd, cérn; 


éve, évent, énd, makér; out, oil, nature, verdure; 
food, foot; Use, tnite, irn, tip, meni; 
ice, ill; zh=z as in azure. Jean 
ink; (nasal), cafiyon. 
Abscess (b’sés) Antiseptic (&n’ti-sép’tik) 
Absorb (&b-sérb’) Antitoxin (&n/ti-tdk’sin) 
Acetylene (a-sét’i-lén) Aquarius (a-kw4’ri-ts) 
Adulterating (a-dtl’tér-ait-Ing) Aqueous (a’kwé-ts) 

Aedes (a-e’déz) Aquila (&k’wi-la) 

Aerator (a’ér-a’tér) Are (ark) 

Aerial (a-é’ri-41) Arcturus (ark-ti’rts) 
Alcohol (&1’k6-h61) Aries (a’ri-éz) 

Alkali (41/ka-li) Armature (ar’ma-tir) 

Altair (41-ta’ir) Artesian (ar-té’zhin) 
Alternation (&l’tér-na’shtin) Artificial (r’ti-fish’i]) 
Altitude (4l’ti-tid) Astronomer (As-tron’d-mér) 
Ammonia (4-m0/ni-a) Auriga (6-ri’ga) 

Ammonium (%-m0’ni-tim) Automatic (6/t6-matik) 
Ampere (im-par’) ; ; 

Analysis (a-nil’I-sis) Bacteria (bik-té’/ri-a) 
Andromeda (in-drém’-é-da) Barometer (ba-rém’é-tér) 
Annealing (3-nél’ing) Bevel (bév’él) 

Anopheles (a-néf’é-léz) Bicarbonate (bi-kir’bén-at) 
Antares (in-ta’réz) Bisque (bisk) 

Anthracite (4n’thra-sit) Bituminous (bi-tt’mi-ntis) 
Anti-body (An’ti-boa’l) Bootes (b6-6’téz) 
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Borax (b6/riks) 
Bronchi (brén’ki) 
Buoyancy (boi/an-s!) 
Bureau (bird) 


Caisson (k&’sén) 

Calcium (kal’si-tim) 

Calorie (k&l’6-r7) 

Capacity (ka-pas’I-ti’) 

Capella (ka-pél’a) 

Capillarity (k&p’1-lar’I-ti) 
Capricornus (kap’ri-kér’ntis) 
Capstan (k&p’stan) 
Carbohydrate (kar’bd-hi’ drat) 
Carburetor (kar’bt-rét’ér) 
Cassiopeia (kas’I-6-pe’ya) 
Cement (sé-mént’) 

Centigrade (sén’ti-grad) 
Centimeter (sén’ti-mé’tér) 
Centrifugal (sén-trif’t-gil) 
Cepheus (sé’fiis) 

Cetus (sé’ttis) 

Chlorination (k16’/ri-ni-shtin) 
Chlorine (kl6’rin) 

Chloroform (kl6’référm) 
Chlorophyll (kl6’ré-f1l) 

Chord (kérd) 

Choroid (k6’roid) 
Chronometer (kré-nédm’é-tér) 
Ciliated (sil’Y-at’éd) 

Circuit (sdr’kit) 

Cirrus (sir’tis) 

Clermont (klér’mdnt) 
Climatological (kli’/matol’6-ji-cal) 
Cobalt (k6’bélt) 

Combustible (kdm-btis’ti-b’1) 
Comet (kém/ét) 
Communicable (kd-mii’ni-ka-b’1) 
Commutator (kém/’i-ta’tér) 
Composition (kém/‘pé-zish’tin) 
Compressibility (k6m-prés’I-bil'I-ti) 
Conductivity (kén’/dtik-tiv’J-t) 
Condense (k6n-déns’) 
Condensation (k6n’dén-si’shtin) 
Conduit (kén’dit) 
Constellation (k6n’‘sté-la’shtin) 
Contagious (k6n-ta’jts) 
Contaminate (k6n-tim/I-nat) 
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Contract (k6n-trakt’) 
Convection (kén-vék’shitin) 
Cornea (kér’né-a) 

Corona (k6-r6’na) 
Corpuscle (kér’piis-’1) 
Crystalline (kris’t&l-in) 
Cugnot (ki-fiyd’) 

Culex (kii/léks) 

Culture (kutl’-tir) 
Cumulus (ki/mi-lts) 
Curvilinear (kir’vi-lin’é-ar) 
Cycle (si’kl) 

Cygnus (sig’ntis) 

Cylinder (sil’in-dér) 


Decomposition (dé-kém’pé6-zi’shtin) 
Demurrage (dé-mir’aj) 
Diagnose (di’ig-nds’) 
Disease (di-zéz’) 

Disinfect (dis’in-fékt’) 
Distillation (dis’ti-la’shiin) 
Diameter (di-iim/’-€-tér) 
Diaphragm (di’a-frim) 
Diarrhea (di’a-ré’a) 

Diet (di’ét) 

Differential (dif-ér-én’shil) 
Diffusion (di-ft’zhtin) 
Digestible (di-jés’ti-b’1) 
Diphtheria (dif-thé’ri-a) 
Dirigible (dir’!-j{-b’]) 
Draco (dra’k6) 

Duct (dtkt) 

Durability (di’ra-bil’1-ty) 
Dynamo (di’/na-m6) 
Dysentery (dis’én-tér-t) 


Eccentric (&k-sén’trik) . 
Eclipse (é-klips’) 
Efficiency (&-fish’én-s!) 
Electrified (é-l&k’tri-fid) 
Electrode (é-lék’trad) 
Electrolyte (6-l&k’tr6-lit) 
EHlectromotive (é-lék’tré-mG'tiv) 
Electrons (é-lék’tron) 
Emulsion (é-mitil’shtin) 
Enteritis (én’tér-i tis) 
Epidemic (&p’i-dém’tk) 
Epithelial (&p-i-thé/li-41) 


PRONUNCIATION LIST 577 


Esophagus (é-s6f’a-gtis) 

Ether (@’thér) 

Evaporation (6-vip’6-ra’shtin) 
Excretory (&ks’kré-t6-ri) 
Extinguisher (éks-tin’gwish-ér) 


Fahrenheit (fa’/rén-hit) 
Fehling (fa’/ling) 
Fermentation (ftr’mén-ta’shtin) 
Fertilizing (ftr’ti-liz-ing) 
Flume (fl6om) 
Fomalhaut (f5’mal-hot) 
Friction (frik’shtin) 
Fulcrum (ftil’kritm) 
Fumigate (ft’mi-gat) 
Fuse (ftiz) 

Fuselage (fii’zé-1aj) 


Galileo (gal’lé-la’6) 
Gastric (gis’trik) 
Generator (jén’ér-a’tér) 
Germicide (jdr’mi-sid) 
Glacier (gla’shér) 
Glycerine (glis’ér-in) 
Gravity (grav’I-ti) 
Greenwich (grin‘1]) 


Halo (ha’l6) 

Helium (hé’li-tim) 
Hemisphere (hém’{-sfér) 
Hercules (hir’kt-léz) 
Herschel (hir’shél) 

Humid (hi’mid) 

Humidity (hi-mid’I-ti) 
Hydrochloric (hi’dr6-klo’rik) 
Hydraulic (hi-dr6’lik) 
Hydrocarbon (hi/dr6-kar’bén) 
Hydrometer (hi-drém’é-tér) 
Hydrophobia (hi’dré-f6’bi-a) 
Hydroxide (hi-drok’sid) 


Igloo (ig’l00) 

Igneous (ig’né-tis) 
Illumination ({-lt/m{-na’shtin) 
Immune (i-miin’) 
Incandescent (in’kin-dés’ént) 
Incidence (in’si-déns) 
Inclination (in’kli-na’shtin) 


Incombustible (in’kém-bis’ti-b’]) 
Induced (in-dist’) 
Induction (in-dtik’shtin) 
Inertia (m-tr’shi-) 
Inflamed (in-flamd’) 
Influenza (in’floo-én’-za) 
Ingredient (in-gré’di-ént) 
Insulated (in’st-lat’éd) 
Intensity (in-tén’si-ti) 
Interference (in’tér-fér’éns) 
Todine (i’6-din) 

Isobar (i’sd-bir) 

Isotherm (i’sd-thtirm) 


Jenner (jén’ér) 
Jupiter (j00’pi-tér) 


Kiln (kil) 

Kilogram (kil/6-grim) 
Kilometer (kil’6-mé’tér) 
Kilowatt (kil’/6-w6t) 


Larva (lir’va) 

Larynx (lir’inks) 
Lavoisier (la/vwa’zya’) 
Lazear (la-zér’) 

Lever (lé’vér) 

Leviathan (lé-vi’4-than) 
Los Angeles (lés in’gél-és) 
Lubrication (li’bri-ka’shtin) 
Luminous (li’mi-nts) 
Lunar (la’/nar) 

Lymph (limf) 

Lyra (li’ra) 


Machine (ma-shén’) 
Maggot (mig’dt) 
Magnetism (ma&ig’nét-iz’m) 
Malarial (ma-la’ri-al) 
Mantle (man’t’l) 

Marconi (mir-k0’né) 
Mars (marz) 

Mechanical (mé-kin’-i-k4l) 
Medullary (méd’t-la-rf) 
Mercury (mir’ki-ri) 
Meridian (mé-rid’I-in) 
Metamorphic (mét’a-mér’fik) 
Meteor (mé’té-dr) 
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Meter (mé’tér) 

Metric (mét’rik) 
Microphone (mi’kré-fon) 
Microscope (mi’kré-skop) 
Millimeter (mil’/1-mé’tér) 
Molecule (m6l’é-kil) 
Molybdenum (mé-lib’dé-ntim) 
Montgolfier (mén’gél’fya’) 
Mortality (mor-tal’I-ti) 
Mucous (mi’kits) 
Murdock (mir’ddk) 


Naphtha (naf’tha) 
Nebula (néb’t-la) 

Neptune (nép’tiin) 
Nimbus (nim/biis) 


Observatory (Sb-ztr’va-té-r7) 
Ohm (6m) 

Odcyst (6'6-sist) 

Opaque (6-pak’) 

Ophiuchus (8f'1-i’kts) 

Orbit (ér’bit) 

Organism (6r’gin-Izm) 
Oscillate (5s‘i-lait) 

Oxygen (6k’si-jén) 
Oxidation (6k’si-da’shtin) 


Pancreas (pin’‘kré-As) 
Parachute (pir’a-shoot) 
Paraffin (pir’-fin) 

Parasite (pr’a-sit) 

Partial (pir’-sh&l) 

Pasteur (pas’ttr’) 
Pasteurization (pas’tér-I-za’shtin) 
Pathogenic (path’6-jén ik) 
Pegasus (pég’a-stis) 

Pelton (pél’ttin) 

Perseus (pir’siis) 
Perspiration (ptr’spi-ra’shtin) 
Petri (pé’tri) 

Petroleum (pé-trd’lé-tim) 
Pharynx (fir’inks) 

Phase (ffiz) 

Pisces (pis’éz) 

Planet (plin’ét) 

Planetoid (plin’ét-oid) 
Plastic (plis’tik) 


Plateau (pla-to’) 

Pliers (pli’érs) 
Pneumatic (nfi-mit’tk) 
Polaris (p6-la’ris) 
Pollute (pé-lit’) 

Porous (p6’riis) 
Precipitate (pré-sip’I-tat) 
Pressure (présh’ir) 
Primary (pri’ma-ri) 
Propeller (pré-pél’ér) 
Protein (prd’té-in) 
Protoplasm (prd’td-plism) 
Pupa (pu’pa) 

Pus (pts) 

Ptomaine (t6’ma-in) 


Quarantine (kwo6r’din-tén) 
Quarried (kwor’id) 
Quartz (kwdrts) 


Rabies (ra’bi-éz) 
Radiant (ra’di-Ant) 
Ratio (ra‘shi-6) 

Ration (ra’shiin) 
Reénforce (ré’én-fors’) 
Reflect (ré-flékt’) 
Reflection (ré-flék’shtin) 
Relay (ré 14’) 

Reservoir (réz/ér-vwor) 
Resistance (ré-zis’tins) 
Respiratory (ré-spir’a-t6-ri) 
Retina rét/i-na) 
Rheostat (ré’6-stit) 
Rozier (16-zé-a’) 

Rotor (r6/tdr) 


Sagittarius (sij-I-ta/ri-tis) 
Salivary (s&l/i-v4-r¥) 
Sanitary (sin’{-ta-ri¥) 
Santa Maria (sin’taé ma-ré’4) 
Satellite (sit’é-lit) 
Saturn (sit’tirn) 
Sclerotic (sklé-rot’ik) 
Scorpio (skér’pi-d) 
Sedentary (séd’én-ti-ri) 
Sedimentary (séd’{-mén’ta-ri) 
Seguin (sa gin’) 
Septic (s®p’/tik) 
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Sera (sé’ra) 

Serpens (stir’pénz) 
Sewage (sii’aj) 

Sewer (si’ér) 
Sextant (s&ks’tint) 
Shenandoah (shén’in-dd’a) 
Siphon (si’fon) 
Slaked (slakt) 

Solar (s6’lar) 

Solder (séd’ér) 
Soluble (s6l/t-b’1) 
Speedometer (spéd-dm/é-tér) 
Sphere (sfér) 

Spiral (spi’ral) 

Spur (spar) 

Sputum (spi’ttim) 
Static (stit/tk) 
Stator (sta’tdr) 
Sterilize (stér’f-liz) 
Stomates (st0’mits) 
Stratus (stra’ttis) 
Stucco (sttik’a) 
Sulphuric (stil-fa’rfk) 
Symptom (s{mp’ttim) 


Tangential (tin-jén’shal) 
Telegraph (tél’é-graf) 
Telegraphy (té-lég’ra-ff) 
Telephone (tél’é-f6n) 
Telephonie (tél’é-fon ik) 
Telescope (tél/é-skop) 
Temperature (tém/pér-a-tir) 
Tetanus (tét’a-ntis) 
Tetrachloride (tét’ra-chlér’id) 
Thermograph (thir’mé-graf) 
Thermometer (thér-m6m/é-tér) 
Thermostat (thdr’mé6-stit) 
Tissue (tish’t) 

Topography (té-pdg’ra-ff) 
Torricelli (tér’ré-chél'lé) 
Toxins (t5k’sins) 

Toxaemia (t0k-sé’mi-a) 


Trachea, (tra’ké-a) 

Traction (trik’-shtin) 
Translucent (trins-li’sént) 
Transmitter (trins-mit’ér) 
Transparency (trans-par’én-st) 
Triangulum (tri-in’/gi-ltim) 
Trichina (tri-ki’/na) 

Tsetse (ts&t’sé) 

Tuberculosis (tii-bir’kt-16’sis) 
Turbinate (tfr’bi-nat) 
Typhus (ti’ftis) 


Universe (a’/ni-virs) 
Uranus (a’ra-ntis) 

Ursa Major (Gr’sé ma’jér} 
Ursa Minor (fr’sa mi’nér) 
Utilize (a’ti-liz) 


Vaccination (vik’si-na’shiin) 
Vaccine (vik’sin) 

Vacuum (vik’t-tim) 

Vane (van) 

Vapor (va’pér) 

Vaporize (va’pér-iz) 

Vega (vé’ga) 

Ventilation (vén’ti-la’shtin) 
Venus (vé’ntis) 

Vibrate (vi’brat) 

Vibration (vi-bra’shtin) 
Villi (vil’i) 

Vitamin (vi-tim/’in) 
Vitreous (vit’ré-us) 

Vocal (v6’kil) 

Volatile (v6l’a-til) 

Volt (volt) 

Volta (vél’ta) 

Voltage (vol’taj) 


Warp (worp) 

Watt (wot) 
Windlass (wind’las) 
Woof (woof) 
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Note to Student. 


In using this index bear in mind the 


following facts: (a) all numbers refer to pages; (b) an italic 
number (54) indicates that there is an experiment on that page; 
(c)a number followed by an asterisk (167*) indicates the presence 
of an illustration; (d) the index does not, as arule, cover refer- 
ences to entire problems or units. For such references turn to 


the table of ConTENTs. 


Accidents, and treatment of, com- 
mon kinds of, 166-170; 167%, 
168*; cuts and scratches, 167; 
bruises and sprains, 167-168; 
drowning and suffocation, 168- 
169; heat and cold, 169; foreign 
bodies in eye, 169-170. 

Acetylene gas lights, 426*-427*. 

Active immunity, 222-224. 

Adobe, 295*, 295. 

Adulteration of clothing fabrics, 
180-181. 

Aedes mosquito, 219*. 

AGrial, 465, 465*. 

Agriculture, modern methods of, 
74. 

Age of machinery, 312. 

Air (see also atmosphere), depth of, 
7; porous nature of, 38; heated by 
earth, 43; humidity of, 46-53; 
movement of, 47; weight of, 54, 
54*; as material, 54-59*, 54, 54, 
56*, 58; pressure of, 55-59%, 54, 
58; pump, 56*; unequal weight of 
hot and cold, 57, 57; expansion 
and contraction of, 57, 67; com- 
pressibility of, 123-124, 123%, 
124*, 344; composition of, 149- 
150; dust in, 150, 150; expired, 
composition of, 152; ventilation, 
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154, 272-276; as disease carrier, 
202; connection currents of in fire, 
230*-233*, 231*; part used in 
burning, 235-237, 235, 236*; 
changes in during breathing, 272; 
correct temperature of, 272-273; 
energy of, 345-346; compression 
pump, 348-349*, 355; diffusion 
of light by, 418-419*. 
Air-brake, 355*. 


Air-dome force pump, 123-124, 
123*, 124*. 
Airplane, invention of, 485-486; 


construction and operation of, 
508-511, 508*, 509*, 510%, 511*; 
comparison of with bird, 509. 

Air pressure, cause of, 54-55, 54; 
measurement of, 58-59, 58*, 59*, 
59; and winds, 54-62; uses of, 
120-124, 121, 122, 344-345*, 351- 
DOO MOOL COL a NOOC MOOD ODOT: 

Airship (see dirigible). 

Air transportation, development of, 
484-486, 486*, 487*; balloons, 
502*-505; dirigibles, 505-507; air- 
planes, 508*-511. 

Air-vent on radiator, 271*. 

Alcohol, effect of on body, 159-161 
effect of on moral standards, 161 

Alkali, 187-188. 
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Alternating current (see electricity). 

Altitude, effect of on climate and 
weather, 42. 

American Morse Code, 450-451. 

Ampere, 397, 436. 

Angle of incidence, 417*-418, 4/7. 

Angle of reflection, 417*-418, 417. 

Animals, as sources of food, 77-80, 
79*; preservation of food from, 
79*; parts of used as food, 79; 
inspection of meat, 79*; as 
sources of clothing, 173-174; 
germs, 197-197*. 

Annealing of glass, 307. 

Annual rings, 286*-288*, 287*. 

Anopheles mosquito, 219*. 

Anthracite coal, 244*-246*. 

Anti-bodies, 206. 

Antitoxic sera, 222-224. 

Antitoxin, 222-224. 

Aorta, 85*. 

Appetite, 91-92. 

Aqueous humor, 162*, 163. 

Antiseptics, 167. 

Arc lamp, 414, 430-431*. 

Armature, of dynamo, 406*-407*; 
of motor, 408*-409; of telegraph 
sounder, 450*; of telegraph relay, 
454*: of electric bell, 456*. 

Arteries, 85*, 158*, 167*. 

Artificial lighting (see lighting). 

Artificial respiration, 168*-169. 

Ashes, from fire, 242. 

Aqueducts, of Tulsa, 
LN 

Atmosphere (see also air). 

Auriga, 8*, 9*, 10*. 

Automobile, power plant of, 383- 
384*; various parts of, 384*, 385- 
387*; transmission of power in, 
384*, 385-3887*; industry, growth 
of, 480; invention of, 480; tires, 
490. 

Aviation (see also air transporta- 
tion), value of weather knowledge 
in, 67-68. 


Oklahoma, 


Bacteria, division of, 84*, 197-198, 
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209; as causes of food spoiling, 
103, 104; prevention of growth of 
in food, 106-109; and sewage dis- 
posal, 133-134; and water purifi- 
cation, 135-138, 185*, 186*, 137*; 
nature of, 196*-197; helpful and 
harmful, 196-197; pathogenic, 
196*-197; making cultures of, 
199-200*, 199. 

Bathing, purpose of, 157-158; kinds 
of baths, 157-158; time for, 158. 

Ballast, 504. 

Balloons, use of in weather study, 
68; invention of, 484-485, 486*; 
construction and operation of, 
502*-505*, 502. 

Ball-bearings, 338, 338*. 

Barometer, meaning of term, 58*; 
mercurial, 58*-59*, 58. 

Battery, electric (see electric bat- 
tery). 

Bell, Alexander Graham, 447*. 

Bell, electric (see electric bell). 

Belt pulley, 334-335*. 

Bevel gear, 336-337*. 

Bicycle lamp, 426*-427*. 

Big Dipper, 11. 

Bile, 148. 

Bisque, 299. 

Bituminous coal, 244-246*. 

Blast furnace, 308*-309*. 

Bleaching fabrics, 190. 

Block and tackle, 315*, 382. 

Blood, as carrier of food and waste, 
85, 151*; circulation of, 85*; ves- 
Seis.) 141 SDI LOS aloo 
corpuscles, 151*,197*; color of, 152. 

Blood vessels, dilation of, 158*, 176; 
contraction of, 158*, 176. 

Blowing glass, 306*. 

Blueing, 188. 

Boats, sail, 494*. 

Boiler, fire-tube, 373, 372*; water- 
tube, 373*. 

Boiler scale, 115. 

Boiling point, meaning of, 269, 269; 
effect of pressure on, 374-376, 
375*, S74. 
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Bony system of body, 140, 141*. 

Bodtes, 9*, 11. 

Bowels, 149. 

Breathing, correct habits of, 150- 
151, 153; artificial respiraticn, 
168*-169. 

Bricks, 295-298, 295*, 296*, 297*. 

Brickkilns, 296-298, 297*. 

Broadcasting station, 448*, 468. 

Bronchi, 151*. 

Building materials (see also ma- 
terials for construction), prin- 
cipal industries, 280. 

Buildings (see shelters, houses, and 
materials). 

Building stones, quarrying of, 289*- 
294, 292*; properties of, 290-294, 
290, 291*; granite, 289*, 290*-291, 
290; sandstone, 290*-292, 290; 
limestone, 290, 291*, 292*-293, 
303-304, marble, 290, 291*, 293*; 
slate, 290, 291*, 293*; formation 
of, 294. 

Bunsen burner, 233-235, 233, 333*. 

Buoyancy, 492-493, 492, 493. 

Burning, cause of, 236; require- 
ments for, 229-230; of candle, 
238*-242, 238, 239, 239*; of fuels, 
242. 

Burning temperature, 229-230. 

Burns and scalds, treatment of, 169. 

Buzzer, electric, 456. 


Calcium, percentage of in proto- 
plasm, 90*. 

Caisson, 344, 348*-350*, 348. 

Calories (of heat), meaning of, 94- 
95; requirements of human body, 
95; production by different food- 
stuffs, 95, 97*, 99. 

Candle, burning of, 238-242, 238, 
238*, 239, 239*; as a source of 
light, 413-414*. 

Candle-power, 435-436. 

Canning of foods, 107-108. 

Capillaries, 151*. 

Capillarity, 422. 

Capstan, 332-333*. 
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Carbohydrates, principal sources, 
74, 97*, 99; uses by body, 74; 
calorie-producing value, 95. 

Carbon, percentage of in proto- 
plasm, 90*; product of incom- 
plete burning, 239, 239, 422; fixed, 
244-245; filaments, 429. 

Carbon dioxide, use by plants, 80- 
81; and oxygen cycles, 81-82*; 
as cell waste, 151-152; expelled 
from lungs, 152*-153*, 152; test 
for, 153, 242; as product of burn- 
ing, 242, 242, 422-423; as fire 
extinguisher, 254*-255*, 256; and 
ventilation, 272. 

Carburetor, 371-372, 381*, 381. 

Care of sick, 207*-208. 

Cassiopeia, 8*, 9*, 10*, 11. 

Capacity for heat, 41-42. 

Cells, of human body, 83*-84, 85, 
142-143*; growth of, 83, 85; divi- 
sion of, 84*; repair of, 85-87; 
action of cooking on, 100*-101*; 
unit of structure, 142-143; eiec- 
tric (see electric cells). 

Cement, composition of, 300; use 
in making concrete, 300-302*, 
302. 

Centigrade thermometer, 45*. 

Centimeter (see metric system). 

Centimeter-gram, 322. 

Centrifugai force, 19. 

Centrifugal machine, 319. 

Cepheus, Ss", 97 1070 1 

Cess-pool, 133. 

Chemical change, nature of, 144, 
145, 237-239; digestion, 145; in 
burning, 237-239. 

Chemical energy, 237, 340. 

Chemical properties, 281-282. 

Chlorophyll, 81*-82. 

Cholera, 202, 223. 

Choroid coat, 162*, 163, 165*. 

Chronometer, 500. 

Ciliary muscles, 165*. 

Circuit breaker, 393*, 394. 

Circuit, electric (see electric cir- 
cuit). 
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Circulatory system, function of, 85*, 
142; parts of, 85*, 141*-142; 
value of exercise to, 155; effect of 
bathing on, 157-158*. 

Cirrus clouds, 50*. 

Clay, making bricks from, 295*-298, 
296, 296*, 297*; making tile from, 
298; making pottery from, 298%, 
299*. 

Clermont, 483*. 

Climate, as a force of nature, 36*-39, 
37*; and temperature, 39-43; and 
altitude, 42; heat belts, 43*; 
study of by Weather Bureau, 68; 
dry and wet, 68; value of knowl- 
edge of, 68; and food, 71; diet 
and, 89; and health, 140; and 
clothing, 171*-172*. 

Clothing, and climate, 171*-172*; 
uses of, 172-173; kinds of ma- 
terials in, 172-174; methods of 
cleaning, 174-175, 184-190; re- 
lation of to body temperature, 
175-180, 176, 177, 179; dark- and 
light-colored, 179; washing of, 
184-188, 184, 185, 186*, 186, 187*; 
spots and stains on, 188-190, 189, 
190. 

Clouds, how formed, 47-48; kinds 
of, 48*, 49*, 50*. 

Coal, 229-230. 

Coal fields, in United States, 246*. 

Coal gas, manufacture of, 246*- 
247*, 246; cost of, 247-248"; 
measurement of by meters, 247- 
248*; use of in balloons, 503-504. 

Cold storage, 108*, 109. 

Code, telegraph, 450-451. 

Combination, oxygen and foods, 84- 
85; oxygen and fuels, 85, 236; 
oxygen and metals, 236; meaning 
of, 240-242, 240. 

Combustible materials, 228. 

Combustion, (see burning). 

Comet, shape of path of, 4*, 6; size 
and appearance of, 6*. 

Communicable diseases (see di- 
seases, communicable). 
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‘Communication (see also telephone, 


telegraph, wireless), relation to 
human progress, 443-446; earliest 
methods of, 444*-446, 445*; de- 
velopment of modern methods of, 
444, 446-448*, 447*; value of 
electric, 447-448. 

Composition, 7. 

Compounds, meaning of, 240-241. 

Compass, use of in detecting electric 
current, 398*, 398; use of in steer- 
ing ships, 496-498*, 497*; cardi- 
nal points of, 497. 

Compressed air, 123*-124*, 344, 
349-350, 354*-356, 355*, 425-426. 

Compression pump, 348-349*, 354, 
355. 

Concrete (see also cement), uses of, 
300*, 301*; preparation of, 300- 
302*, 302; reinforced, 300. 

Condensation of water vapor, 47- 
53, 47, 271. 

Conduction, of heat, 176-177, 176, 
262-264, 263; by clothing, 179-180. 

Conductors, of heat, 262-264, 263; 
of electricity, 398-399, 398, 427- 
429, 428, 452. 

Conduits, 433-434. 

Conservation, of fuels, 250-251. 

Constellations, early ideas of, 8-9; 
of northern hemisphere, 8*, 9%, 
10*; names of principal ones, 8*, 
9*, 10*; how to locate, 8-11. 

Contagious diseases (see diseases, 
communicable). 

Continental code, 450-451. 

Contraction, 57, 57. 

Contraction of muscles, 148, 165. 

Convection currents, of water, 130, 
130*; of heating devices, 230*- 
235, 230, 231*, 233*, 234*, 261, 
267; around stoves, 264*; in fire- 
places, 264*-265*. 

Cooking, early methods of, 71*, 72*; 
effect of on foods, 100*-103, 101*, 
101, 102*; methods of, 101-102. 

Corpuscles, red, 151*, 197*; white, 
205*-206, 222. 
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Cornea, 162*-163, 165*. 

Cotton, fibers, 173-174*, 175*; com- 
position of, 174; properties of, 
178-180; microscope test for, 
181*; chemical tests for, 182-183, 
183; methods of washing, 187- 
188. 

Crib, for water supply, 117*. 

Crude oil, 248-250*, 249*. 

Crystal detector, 469*, 470*. 

Crystal receiving set, 469*-470*. 

Cugnot, 479. 

Culex mosquito, 219*. 

Cultures, bacterial, 199-200*, 199. 

Cumulus clouds, 48*. 

Current, electric (see electricity). 

Curvilinear motion, 487. 

Cylinders, of pumps, 120*, 121%, 
122*, 123*, 124*. 

Cycles, of gas engine, 382*-383; of 
alternating dynamo current, 407. 


Dairy products, 80. 

Damper, stove, 231*. 

Dams, 344. 

Days and nights, causes of, 24-25*; 
length of, 24-25* 

Death-rate, 214-215*. 

Declination, magnetic, 498*. 

Decomposition of food, prevention 
of, 106-109; causes of, 103-106, 
103, 106; effects of, 103-106. 

Detector, crystal, 469*, 470*. 

Dew, 50-51. 

Diagnosis, of disease, 198. 

Diarrhea, 209. 

Diet, relation to climate, 89; rela- 
tion to activities, 89-91; relation 
to age, weight, and height, 91-93; 
balanced, 91-100, 92*, 94*; and 
appetite, 91-92; sample meals, 
92*, 94*, 

Diffusion of light, 418-419*. 

Digestion, value to of cooking food, 
100*-102, 101*; digestive system, 
141*-142, 147; meaning of, 144*- 
145; juices, 145-148; mastication, 
145; of proteins, 147-148, 147; 
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of starch, 146, 146; and exercise 
155. 

Digestive system, parts of, 141*- 
142, 144-149, 144, 146*, 146, 145*, 
147*, 147, 148*, 149*; fluids of, 
145-148. 

Diphtheria, 201, 209, 223-224*. 

Direct current (see electricity). 

Direct lighting, 440-441. 

Dirigible balloon, construction of, 
505-507, 506*; size of, 506*; use 
of helium gas in, 507. 

Diseases, communicable, relation 
to physical condition, 192, 206; 
meaning of term, 193; influenza 
(“flu’’), 193; causes of, 193-194; 
methods of spreading, 194*, 195%, 
199-204, 199, 200*, 201*, 202*, 
203*; preventing spread of, 194- 
195, 206-221; spread by coughing 
and sneezing, 194*, 195*, 201- 
202; medical attention for, 195- 
196; malarial fever, 197, 203; 
symptoms of, 198; diagnosis of, 
198; spread by human beings, 
200-202, 210, 213; spread by con- 
tact, 200-201, 206-209, 207%, 
208*; typhoid fever, 201-203, 
209-210, 214*-215*, 223; tubercu- 
losis, 201, 209; diphtheria, 201, 
209, 223-224; measles, 201; scar- 
let fever, 201, 209, 223; spread by 
food and water, 202; cholera, 
202; spread by fly, 202*-203*, 
216-217; lock jaw, 202, 223; yel- 
low fever, 203-204; small-pox, 
203, 222-223; typhus fever, 203, 
221; sleeping sickness, 203; pro- 
tection against, 205*-206, 222- 
225; diarrhea, 209; hydrophobia, 
221; hook-worm, 221. 

Diseases, contagious (see diseases, 
communicable). 

Disinfectants, 195, 205, 208, 220. 

Displacement of water, 492-493, 
492. 

Distillation, of water, 138*, 138; of 
petroleum, 249; fractional, 249. 
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Diving bell, 344, 348*-350*, 348. 
Double-acting force pump, 124*. 
Draco, 3*,.9* 10% 

Drafts, on stoves, 231*. 

Drainage, of soil, 74; of house, 129*. 

Drowning, and treatment for, 168*. 

Dry dock, 496*. 

Drying, of foods, 108-109. 

Durability, 281. 

Dynamo, operated by water power, 
358; principle of, 391-392*, 404- 
405, 405; comparison of with 
motor, 392; construction and 
operation of, 405-407*, 406*; 
alternating current, 406*-407; 
direct current, 407*. 

Ducts, 266. 


Earth, distance from sun, 4*, 5; 
moon of, 5; movements of, 5, 6-7; 
rotation of, 5, 24; revolution of, 
5, 26-29; size, 6; man’s depend- 
ence on movements of, 6; com- 
position-land forms, water forms, 
air covering, 7; ideal section of, 
7*; relation to moon, 14-19; origin 
and age of, 21; changes of surface 
of, 21-23, 22*; day and night on, 
24-25*; inclination of axis of, 24; 
seasons of, 26-29, 27*; as a clock, 
29; as a conductor of electricity, 
452; magnetic poles of, 497-498*. 

Eccentric, meaning of, 356, 357*; 
on windmill, 356, 357*; on steam 
engine, 369*, 376*, 377. 

Eclipse, of moon, 18*; of sun, 18*. 

Edison, Thomas A., 414, 429, 

Efficiency, of machines, 326, 324, 
337-339, 358, 359, 360. 

Electricity, a form of energy, 287, 
341; as cause of fire, 253; from 
water power, 358, 359*, 360, 406; 
and human progress, 389} uses of, 
389, generation by cells,390*-391*; 
static, 390; generation by dy- 
namo, 391-392*, 404-407*, 406*; 
measurement and units of, 396- 
397; symbols for devices, 394*, 
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400*; magnetic effect of current 
of 404-405, 404, 405, 408-409; alter- 
nating current of, 406-407; direct 
current of, 407; as a source of 
heat and light, 427-431; electron, 
nature of, 464; induced, 467. 

Electric arc, 430-431. 

Electric battery, 399, 401-403. 

Electric bell, circuit of, 393*, 449; 
essential parts of, 449; construc- 
tion and operation of, 455*-456*, 
456. 

Electric bulbs, nitrogen-filled, 430. 

Electric buzzer, 456. 

Electric cars, 481*. 

Electric cells, construction of, 390*- 
391*, 392-395, 392, 395; uses of, 
391; methods of connecting, 398- 
400, 399*, 400*, 398, 400, 402: 
storage, 401*-403*, 401, 402*. 

Electric circuit, meaning of, 392- 
394, 393*, 394*; short circuit, 394; 
use of insulation, 394. 

Electric current (see electricity). 

Electric light, incandescent,414,415*. 

Electric lighting (see lighting, elec- 
tric). 

Electric meter, 4387-438*. 

Electric motor, comparison with 
dynamo, 392; construction and 
operation of, 408*-410, 408, 409*. 

Electric power plant, 432*. 

Electric resistance, 397, 428. 

Electric wiring, of house, 431-485, 
422*, 433*, 434", 

Electrification, 390. 

Electromagnet, 329*, 404, 404, 450%, - 
452*, 453*, 455-456*, 459*, 461*. 

Electromotive force, 396, 432. 

Electroplating, 410-411*, 470. 

Electrons, 464-467. 

Electrodes, of simple cell, 395, 390*; 
of storage battery, 401-402*. 

Elements, kinds of in protoplasm, 
90; meaning of, 90; kinds of in 
vegetable fibers, 174; hinds of in 
silk and wool, 174; kinds of in 
fuels, 240-242. 
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Ellipse, 33*. 

Emulsion, 184*, 184. 

Energy, radiant, 39-42, 40, 81, 176- 
177, 179, 179; light, 39-41, 238; 
production of in human body, 85, 
176; changes of, 237-238, 390-391, 
395, 402; heat, 237, 339-340; 
electrical, 237, 390-391, 395, 402; 
chemical energy, 237, 390-391, 
395, 402; transformation of, 237- 
238, 339-341, 340*, 390-391, 395, 
402; meaning of, 339; muscular, 
339; of air and water, 343; of 


steam, 369; of exploding gas, 370-_ 


371. 

Engine, steam, 369*; gas, 370-372. 

English system, of measuring, 321- 
323, 322*, 323*. 

Environment, materials and forces 
of, 23. 

Epidemics, 193, 218, 220-221. 

Esophagus, 147*. 

Evaporation, meaning of term, 38; 
of water into air, 38, 46-47, 47; 
effect of on weather, 38; and tem- 
perature, 47, 47; and humidity, 
47, 47; cooling effect of, 177-178, 
177; factors in rate of, 177-178, 
hire 

Excretion, 149. 

Excretory system, parts of, 141*, 
141-142, 156-157, 157*; value of 
exercise to, 156. 

Exercise, as weight reducer, 92; 
value of, 144, 155-156, 156. 

_ Exhaust, of steam engine, 376*. 

Expansion, of air, 57, 47. 

Explosion, 370-371. 

Extinguishers, fire, 254-257. 

Eyes, care of, 162-166; structure of, 
162-165, 162*, 164*, 165*; how 
we see, 163-165, 162*, 164*, 164, 
165*; strain on, 166; defective, 
166; removing foreign bodies 
from, 169-170; relation of to 
lighting, 4388, 441*, 440. 

Eye-strain, cause of, 166; how to 
avoid, 166. 
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Fabrics, kinds of, 173-174; proper- 
ties of, 173-174; texture of, 179- 
180, 179; adulteration of, 180; 
methods of washing, 187-188. 

Fan system, of ventilation, 275-276, 
275*. 

Faraday, 391. 

Far-sightedness, 166. 

Fats, principal sources of, 74, 92, 97*, 
99; uses of by body, 74; test for, 
&8; calorie-producing value of, 95. 

Fahrenheit thermometer, 45*. 

Fehling’s solution, 88. 

Fermentation, 103, 103, 105. 

Fever, meaning of, 84; malarial, 
197*, 203, 218-220, 219*, 220%; 
yellow, 203-204, 218-220, 219%, 
220*; typhoid, 201-203, 209-210, 
214-215, 214*, 215*, 223; scarlet, 
201, 209, 223; typhus, 203, 221; 
relapsing, 203. 

Faucets, operation and construction 
Olde. 

Fibers, kinds of, 173-174; physical 
tests for, 174; chemical tests for, 
174, 182-183, 182; identification 
of, 180-183, 181*, 182*, 182, 183. 

Filaments, of electric bulbs, carbon, 
429; tungsten, 429-430, 429. 

Filters, water, by soil, 120, 118; 
sand filter, 135, 135, 185*; house 
filter, 136, 136*. 

Fire, use of in cooking, 71*, 72*; and 
human progress, 226-227; dis- 
covery of, 226-227; industrial uses 
of, 227; early methods of making, 
227-228; arranging materials for, 
229*; burning temperature, 229- 
230; characteristics of, 230; air 
supply of, 230-235, 230*, 231%, 
233*, 234*; connection currents 
in, 230-233; destruction by, 240*- 
242, 241*, 251-252*; prevention 
of, 251-253, 252*; causes of pre- 
ventable, 253; extinguishers, 254*- 
257, 255*, 255, 256", 256, 257%; 
uses of in the home, 259; as 
source of light, 422-427. 
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Fireplaces, 259-260*, 262-266. 

Fire-tube boiler, 373, 372*. 

Firing clay, 297*, 298, 299*. 

First-aid, for cuts and scratches, 
167; for bruises and sprains, 167- 
168; for drowning and suffoca- 
tion, 168-169; for heat and cold, 
169; for foreign bodies in the eye, 
169-170. 

First-class lever, 327*, 328*. 

Flame, 237-239, 238*, 238, 239*, 
289. 

Flaming arc, 431. 

Flax, fibers, 173-174; microscopic 
test for, 181-182*; chemical test 
for, 182-183, 183; methods of 
washing, 187-188. 

Floating bodies, 491-493. 

Flood warnings, 66-67. 

Flush tank, construction and oper- 
ation of, 128%. 

Fly, house, as a germ spreader, 
202*-203*; life history of, 216*- 
217; rate of breeding of, 216; de- 
struction of, 216-217*. 

Flywheel, 369*, 370*, 371*, 376%, 
378, 383-384. 

Focus, 164, 164. 

Food, and climate, 71; and human 
progress, 71-74; early methods of 
cooking, 71*-72*; of primitive 
man, 71-72; and use of fire, 71*- 
72*; classes of foodstuffs, 74-75; 
causes of spoiling, 75, 103-106, 
104*, 105*, 103; prevention of 
spoiling, 75, 102, 106, 106-109, 
105*, 107*, 108*, 109*; scurces of, 
10-82.) (Ol mndn ORES Le Oa: 
value of food products, 77; in- 
spection of, 79, 79*; cycle in 
nature, 82*; storage of, 82; and 
body growth, 88-84; uses by hu- 
man body, 83-87; as source of 
heat in body, 84-86; as source of 
energy, 85-87, 339; and repair, 
86-87; selection of, 87-100, 92%, 
94*, 97*; testing for foodstuffs, 
87-89, 87; balanced diet, 91-100, 


92*, 94*; fuel value of, 94-99, 97*; 
composition of, 97-99, 97*; value 
of cooking, 100-103, 100*, 101%, 
102*; and ptomaine poisoning, 
102; decomposition of, 103-106, 
103; digestion of, 144-149, 144, 
145*, 146*, 146, 147, 148*; absorp- 
tion of, 148-149*; as disease car- 
rier, 202, 218. 


Foot-pound, 322-323*. 
Force, meaning of, 313; uses in ma- 


chines, 316, 320; and work, 313- 
321, 323; sunassource of, 339-341; 
air and water, 343, 346, 362-363; 
of steam, 367-369, 372-379; of ex- 
ploding gas, 370-372, 379-388; 
electromotive, 396; electromag- 
netic, 404-405. 


Force pumps, 122*-124*, 123*. 
Forcasting of weather (see weather). 
Fractional distillation, 249. 
Franklin, Benjamin, 260. 

Frictional electricity, 390. 

Friction, use of in starting fire, 227*; 


meaning of, 320; relation to effi- 
ciency of machines, 326, 337*- 
339, 338*; sliding, 338; rolling, 
339; value of, 339, 486, 488-489*; 
reducing in machines, 338-339, 
489-490. 


Frost, 50-51. 
Frost-bite, treatment of, 169. 
Frost, warnings against, 66; pre- 


vention of, 66*. 


Fuels, characteristics of, 228-230; 


wood, 229-230, 243-244; coal, 229- 
230, 244*-246*, 245*; gas, 229-230, 
246*-250, 247*, 248*; gasoline, 
229-230; burning of (see burning); 
annual consumption of, 243; pe- 
troleum, 248-250*, 249*; conser- 
vation of, 250-251; methods of 
wasting, 250-251. 


Fuel oil (sce petroleum), 
Fuel value, of food, 94-97*. 
Fulcrum, 327. 

Fuiton, Robert, 369, 483. 
Fumigation, 220. 
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Furnace, hot-air, 260-261*; hot- 
water, 261, 262*; pipeless, 267*; 
steam, 269*-270*; blast, 308-309*. 

Fuses, 432, 434-435*. 


Galileo, first thermometer, 44*; and 
air pressure, 58. 

Gall-bladder, 147*. 

Gas, change of water to, 46-47, 47; 
water heater, 131*-132; lighter, 
228*; as fuel, 229-230, 246-250; 
meter, 247-248*; explosive mix- 
tures of, 370-371; first used for 
lighting, 414; mantle, 415*, 424*; 
for light, 422-427. 

Gas engine, uses of, 370; source of 
energy in, 370-371; construction 
and operation of, 371-372, 370*, 
371*, 379-385, 380*, 381*, 381, 
382*, 384*; comparison of with 
steam engine, 371-372; cycles of, 
382*-383; on automobile, 383- 
387*, 384*; number of cylinders 
in, 383-384". - 

Gas meter, 247-248*. 

Gas stove, 233-235, 233, 234*. 

Gasoline, 229-230, 249. 

Gasoline engine (see gas engine). 

Gasoline-gas machine, 426. 

Gasoline lamps, 424*-426, 425*. 

Gastric juice, 147, 148. 

Gastric glands, 147. 

Gears, 335-337*, 336*. 

Germs, discovery of, 193-194; as 
cause of disease, 193-194; patho- 
genic, 194, 196-197; methods of 
spreading, 194*, 195*, 199-204, 
199, 200*, 201*, 202*, 203*, 217- 
218; preventing spread of, 194- 
195; plant forms of, 196*-197; 
animal forms of, 197*; growth of 
in human body, 197-198; toxins 
from, 198; carriers, 201-202, 210, 
213; tetanus, 202; and white cor- 
puscles, 205*-206, 222. 

Germ carriers, 201, 202, 210, 213. 

Germicides, 205. 

Glaciers, 22. 
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Glands, gastric, 147; salivary, 146*; 
pancreatic, 148. 

Glass, composition of, 306; proper- 
ties of, 305; manufacture of, 306*- 
307; annealing of, 307. 

Glaze, 298-299. 

Grain, of wood, 285*-288*, 286%, 
287*. 

Grams (see metric system). 

Granite (see building stones). 

Gravity, 12, 492. 

Grids, of storage cell, 402. 

Ground water, 116, 118*. 


Hail, 50, 51. 

Hard water, 114-115, 185-186, 185, 
186. 

Hardwood, 287-288. 

Halos, of sun and moon, 50. 

Health, and climate, 140; and mod- 
ern life, 140; and bathing, 157- 
158; and exercise, 155-156; and 
sleep, 156; and alcohol, 159-161; 
and tobacco, 161-162; value of 
knowledge of, 192-193. 

Heart, 85*, 141*, 142, 
1565. 

Heat, and angle of sun’s rays, 27*- 
29, 28*; relation of to temper- 
ature, 38; capacity of various 
materials, 41-42; belts of United 
States, 43*; production in human 
body, 85, 176; conduction of, 
176-177, 176; cooling effect of 
evaporation, 177-178, 177; as a 
form of energy, 237, 340; transfer 
of, 261-271, 263, 264*, 265*; from 
electricity, 427-428, 428. 

Heaters, water, 130*-132, 131*. 

Heating systems (see ventilation), 
hot-air, 266*-267, 260-261*; hot 
water, 261, 262*, 268*-269; steam, 
269*-271*, 269, 270*. 

Height-age-weight table, 93. 

Helium, 507. 

Hercules, 9*, 11. 

Herschel, 14. 

Hero, 368. 


155-156, 
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“Highs” (regions of high pressure), 
weather in, 60-61*; movement of 
air in, 61*; procession of, 62*. 

High-frequency oscillations, 467. 

Hook-worm, 221. 

Horse-power, 347, 364-365*. 

Hot-air furnace, construction of, 
260-261*; operation of, 266*- 
267*. 

Hot-air heating plant, 266*-267*. 

Hot water, supply of in house, 130- 
132; heaters, 180*-132, 131*, 130, 
261-262*; storage tank, 130*. 

Hot-water furnace, 261, 262*. 

Hot-water heating plant, 268*-269. 

Human body (see also diseases), 
composition of, 83-84, 83*, 84*; 
comparison with steam engine, 
83-87; growth of, 83-84; require- 
ments of, 84-87; normal tem- 
perature, 84; circulatory system, 
85, 85*; systems of, 140-142, 141*; 
team-work of various parts, 148; 
regulation of temperature, 175- 
178. 

Humidity, meaning of term, 47; as 
a factor of weather 46-53; effect 
of temperature upon, 51-52; effect 
on evaporation, 177-178, 177; in 
buildings, 262, 273. 

Hydraulic press, 344-345, 362*-363*. 

Hydrocarbon, 422. 

Hydrogen, percentage in_ proto- 
plasm, 90*; presence of in fuels, 
240-242; oxide (water), 242; pre- 
paration of, 603; lifting power of, 
508. 

Hydrometer, 403*. 

Hydrophobia, 221, 223. 


Igneous rocks, 294. 

Illumination, from sun, 416-421; 
intensity of, 435, 488-440, 439*, 
439; factors of proper, 488-442. 

Image, /64, 164. 

Immunity, 206, 222-224. 

Incandescent lamp, invention of, 
415*, 429; kinds of, 429-480. 


‘Incidence, 
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angle of, 417*-418, 
417. 

Inclination, of axis of earth, 24. 

Inclined plane, 314*, 317-318*, 
324*-326, 324, 325*. 

Incombustible materials, 228. 

Indirect lighting, 441. 

Induced electric currents, 467. 


Induction coil, 460*, 465*-468*, 
467*. 

Inertia, 378. 

Infection, cause of, 167; prevention 
of, 167. 


Inflammation, 198. 

Influenza, 193. 

Insects, as carriers of germs, 202*- 
204, 203*. 

Insulation, 394. 

Insulators, 394. 

Intensity of light, 485-486, 488-440, 

_ 439*, 439. 

International Morse Code, 450-451. 

Intestines, location of in body, 147*; 
digestion in, 148; size of, 148; 
juices of, 148. 

Tris, of eye, 162*, 163, 165*. 

Iron, smelting of, 308*-3809*; pig, 
309. 

Irrigation, 73*-74. 


Jenner, Edward, 222-223. 

Jupiter, number of moons, 4*; order 
of distance from sun, 4*; period 
of revolution, 4*; characteristics 
of, 18, 20; relative size, 5*. 


Kerosene, stove, 232*-233*, 249; 
use in lighting, 414*; lamp, 422- 
423*., 

Key, telegraph, 450*, 452*. 

Kidney, 141*. 

Kilns, lumber, 285; brick, 296-298, 
297*; pottery, 299*. 

Kilograms (see metric system). 

Kilometers (see metric system). 

Kilowatt-hour, 437. 

Kites, 507*-508. 

Knot, 498. 
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Labor-saving devices, 313. 

Lakes, as source of water supply, 
ike? 

Lamps, earliest forms of, 413-414*; 

_ kerosene, 414*, 422-423*; incan- 
descent, 414, 415*, 429-430; arc, 
414, 430-431*; gas, 415*, 422- 
427; gasoline, 424*-426, 425; acet- 
ylene gas, 426*-427*; efficiency 
of electric, 429-4381, 436-437; 
candle-power of, 435-436. 

Land, crust of earth, 7. 

Land forms, 7. 

Land transportation, development 
of, 478-482; sources of power for, 
479-482; railroads, 479-480*; 
roads, 488*-490*, 489*; traction, 
486, 488*-489*. 

Language, development of, 444. 

Larva, 216*, 219*. 

Latitude, meaning of, 30; how to 
find, 33*; temperature in different 
latitudes, 38*-39*; determination 
of, 499-501*, 500*. 

_ Lavoisier, Antoine, 236. 

Lazear, Dr. J. W., 204*. 

Leather, 180. 

Leaves, structure of, 80-81*. 

Lens, of eye, 162, 163*, 165%; 
double-convex, 163; action on 
light rays, 164, 164*-165. 

Lever, 317, 326-330, 327%, 
329*, 331*, 338%. 

Leviathan, 484-485*. 

Light, how we see, 163; action of 
double-convex lens on, 164, 164*- 
165; as form of energy, 238; from 
hot bodies, 413-415; from sun, 
414-421; properties of, 415-416; 
reflection of, 417-419; diffusion of, 
418-419*; absorption of, 419-420; 
from electricity, 427-431; meas- 
urement of intensity of, 435-440, 
439*, 439. 

Lighting, early methods of, 413- 
414*; factors of proper, 419-421*, 
420*; gas, 422-427; electric, 427- 
435; measurement of intensity of, 


327, 
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435-437; cost of various methods 
of, 437*-438; regulation of in 
buildings, 438-442; and the eye, 
438, 440, 441*; methods of arti- 
ficial, 440*-442. 

Lime, preparation of from lime- 
stone, 303*-304*, 303; slaking of, 
304. 

Limestone (see building stones). 

Linen, composition of, 174; pro- 
perties of, 178-180. 

Liver, 142, 147*. 

Lift pump, 120*-123, 121*, 127, 122. 

Little Dipper, 11. 

Lightning arrestor, 471. 

Lock-jaw, 202, 223. 

Locomotives, invention of, 369; 
steam pressure in, 374-376; enor- 
mous force of, 376; construction 
and operation of, 378-379*, 490*; 
electric, 481*. 

Log, 498-499*. 

Longitude, and time, 30*-32*; how 
measured, 30*; determination of, 
499-500*. 

Los Angeles, 506. 

“Lows” (regions of low pressure), 
weather in, 60*-62, 61*; size of, 
60; as storm area, 60; procession 
of, 62*; movement of air in, 61*- 
62. 

Lubrication, 338-339, 489-490. 

Lumber, consumption of in United 
States, 283; preparation of, 284*- 
288*, 285*, 286*, 287*; grain in, 
285-288. 

Lungs, 85*, 141*, 142, 151*-152. 

Lunar eclipse, 18*. 

Lymph, 223. 


Machines, meaning of, 312, 320; 
and human progress, 312-313, 
316; development of, 312-313*,° 
314*; inclined plane, 314, 314*, 
317-318, 318%, 324-326, 324*, 
325*, 324; uses of, 315-316, 314%, 
315*, 316*, 320; advantages of, 
315-316; block and tackle, 315, 
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Machines, (continued). 

315*, 332; pulley, 316*, 318%, 
330-332*, 330*, 332, $30; lever, 
317, 326-330, 327*, 328*, 329%, 
331*, 327; types of, 317*-319*, 
318*; wheel and axle, 317*, 332- 
Sie, Spe, sovlen ete iis 
wedge, 318-319*; centrifugal, 319; 
principle of, 324-326; percentage 
efficiency of, 326, 324; and fric- 
tion, 326, 337-339; belt pulleys, 
334-335*; air and water operated, 
343-366. 

Machinery, age of, 312. 

Magnets, permanent, 404; electro 
(see electromagnet); temporary, 
404; lines of force of, 404, 461; 
poles of, 404; use in generating 
electricity, 404-407, 405. 

Magnetic declination, 498*. 

Magnetic lines of force, 404, 461. 

Magnetic poles, of earth, 497-498*. 

Mains, water, 114*. 

Malarial fever, 197*, 203, 218-220, 
219*, 220. - 

Marble (see building stones). 

Mantle, gas, 415*, 424*. 

Marconi, Guglielmo, 463-464. 

Mars, number of moons of, 4*; order 
of distance from sun, 4*; charac- 
teristics of, 12-18, 20; “snow 
caps” on, 13*; relative size of, 
on, 

Mastication, of food, 145-147, 146*. 

Matches, 228, 253. 

Materials, man’s use of, 7; of en- 
vironment, 23; essential for life, 
143; combustible, 228; incom- 
bustible, 228; burning of (see 
burning); for construction, 279- 
310; loss of weight in water, 491- 
493, 492, 498. 

‘Materials for construction, kinds of, 
282-283; wood, 283-289; stones, 
289-294; clay and clay products, 
295-299; bricks, 295-298; tile, 298; 
pottery, 299; cement and con- 
crete, 300-302; lime and lime 
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products, 303-305; glass, 305-307; 
metals, 307-310. 

Mean solar day, 30-31. 

Mean solar time, 30-31. 

Measles, 201. 

Meat, kinds of, 76, 79-80; inspec- 
tion of, 79*; packing centers, 79. 

Mechanical advantage, 325; of dis- 
tance, 329. 

Medicines, patent, 196. 

Medullary rays, 287*, 288*. 

Menus, sample, 92*, 94*; soldiers’ 
field ration, 98. 

Mercury, order of distance from 
sun, 4*; characteristics of, 12, 20; 
relative size of, 5*. 

Meridian, 30*. 

Metal age, 280. 

Metals, and human progress, 307: 
kinds of, 307-308; ores of, 307- 
308; iron, 308-309; preparation of 
from ore, 308-310. 

Metamorphic rocks, 294. 

Meteors, or “shooting stars,”’ 5, 6. 

Meter (see metric system). 

Meter, gas, 247-248*; electric, 437- 
438*. 

Metric system, 321-323*, 322*. 

Microphone, 448*, 449, 468. 474*, 

Milk, pasteurization of, 106-107, 
106, 107*, 210-211, 210*, 211%, 
215*; as disease carrier, 202, 209- 
212; handling and shipping of, 
209*-212*, 210*, 211*; bottles for 
baby, 211-212*; pails, 212*. 

Millimeters (see metric systems). 

Minerals, use of by human body, 
74, 96; use of by plants, 80-81; 
test for, 88; ash content of foods, 
97*; sources of, 96, 97*. 

Mining, coal, 244, 245*; oil, 248- 
249*, 

Mist, formation of 48. 

Molds, nature of, 104*, 200*; de- 
struction of, 107; kinds of, 104*; 
as cause of food spoiling, 103- 
104, 103. 

Molecules, 263, 270, 369, 376. 
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Molecular theory, 263, 270, 369, 
376. 

Mortar, 303-305, 305. 

Montgolfier Brothers, 484. 

Moons (see also satellites). 

Moon (earth’s), distance from earth, 
15; size and appearance, 15, 14*; 
movements of, 15*-18*, 15-16, 
20; phases of, 16-17*, 16, 17; how 
lighted, 16; eclipse of, 18*; rela- 
tion to tides, 18-19*; halo of, 50. 

Morse, S. F. B., 446-447*. 

Morse code, 450-451. 

Mortality records, 159. 

Mosquito, and malarial parasite, 
197*; as a spreader of disease, 
203-204, 218*-220*, 219*; meth- 
ods of destroying, 219*-220*. 

Motor, electric (see electric motor). 

Mountains, effect of on weather and 
climate, 39, 52, 53. 

Mucous membrane, 150-151. 

Murdock, William, 414. 

Muscular energy, 339. 

Muscles, muscular system, 140-142, 
141*; contraction of, 148; relax- 
ation of, 148; of stomach, 148; 
ciliary, 165*. 


Natural gas, 249-250. 

Near-sightedness, 166. 

Nebula, appearance of, 2-3*; spiral 
form, 2*; composition and size 
of, 3; as origin of solar system, 21. 

Neptune, number of moons of, 4*; 
order of distance from sun, 4%; 
period of revolution, 4*; charac- 
teristics of, 14, 20; how dis- 
covered, 14; relative size of, 5*. 

Nervous system, parts of, 141*, 
142; function of, 142; value of 
exercise to, 155. 

Night and day (see day and night). 

Nimbus clouds, 49. 

Nitrogen, percentage of in proto- 
plasm, 90*. 

Non-conductors, 394. 

North Star (Polaris), 10*-11. 
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Nose, structure and function of, 
150*, 205. 


Ocean currents, effect of on weath- 
er and climate, 39. 

Ohm’s law, 397. 

Ohm, 396. 

Oil, crude, or petroleum, 248-250*, 
249%. 

Oil wells, 248-250*, 249*. 

Opacity, 416. 

Optic nerve, 162*. 

Orbit, definition of, 5; of planets, 4*. 

Ores, 307-308. 

Organisms, nature of, 75; destruc- 
tion of small, 75; decomposition 
of food by, 103-106, 103, 104*, 
105*. 

Organs, of human body, 142. 

Oxidation, slow, 85-86. 

Oxide, 310. 

Oxygen, use of by plants, 80-81; 
given off by plants, 80-81; and 
carbon dioxide cycles, 81-82*; 
source of body heat, 84-85; com- 
bination of with foods, 84-85; 
slow oxidation, 85-86; source of 
energy, 85-86, 339-340; percent- 
age of in protoplasm, 90*; en- 
trance into body, 151*; combina- 
tion with red corpuscles, 152; 
discovery of, 235; preparation of, 
235*, 285; as cause of rusting, 
236; as cause of burning, 236; 
percentage of in air, 236*-237; 
oxides, 310; use in smelting 
metals, 310; as cause of explo- 
sions, 370-371. 

Oscillations, of electric current, 467. 

Oysters, as disease carriers, 213. 


Pancreas, 147*, 148. 

Pancreatic juice, 148. 

Parachute, 505*. 

Parallel method, of electric con- 
nections, 400, 400*, 433*, 434*- 
435. 

Parasite, 197*. 
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Passive immunity, 222-224. 

Pasteur, Louis, xxvu, 193*. 

Pasteurization, method of, 
107*, 106. 

Patent medicines, 196. 

Pathogenic germs (see germs). 

Pelton water wheel, 359-360*. 

Perseus, 8*, 9*, 10*. 

Percentage efficiency, of machines, 
326. 

Perspiration, value of, 156; effect 
of exercise on, 156; evaporation 
of, 177-178, 177; absorption of by 
clothing, 178-179. 

Petroleum, 248-250*, 249*, 414. 

Pharynx, 85*, 151. 

Phases of moon, 16-17*, 16-17. 

Physical properties, 280-281. 

Physical state, 281. 

Physical work, 313. 

Pinwheel, 356, 357*. 

Pipeless furnace, 267*. 

Plague, 220-221. 

Planetoids, position of among 
planets, 4*, 5, 20; number of and 
motion, 5, 20; period of revolu- 
tion of, 20; definition of, 5. 

Planets, meaning of term, 3; num- 
ber of, 4, 20; how they give light, 
4; periods of revolution of, 4*; 
movements of, 3-4, 20; order of 
distance from sun, 4*, 20; num- 
ber of moons for each, 4*; diam- 
eter of, 4, 20; names of, 4*; orbits 
of, 4*; relative sizes of, 5*, 20; 
similarities and differences, 
12-14, 20; relative weights of, 20. 

Plants, as sources of food, 76*-78,77*, 
80-82, 81*; parts used as food, 
77*-78, 76*; as food factories, 80- 
82*, 81*, 81; structure of leaves, 
80-81*; and oxygen, 80-81; and 
carbon dioxide, 80-81; circulatory 
system of, 81-82; sap of, 81-82%, 
8&2; as sources of clothing fibers, 
173-174; bacteria of, 196*-197. 

Plaster, 303-305. 

Plumbing, 129*. 


106- 
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Pneumatic appliances, 354-356. 

Pneumatic water system, 354*. 

Polaris (North Star), 10*-11. 

Pollution, of water supply, 114, 132- 
133. 

Porosity, of air, 38. 

Pottery, 299*. 

Poultry products, 80. 

Power, meaning of, 347; horse-, 347, 
364-365*; water, 358-361; electric, 
436-437. 

Prediction of weather (see Weather). 

Preservation, of foods, 75; of con- 
struction materials, 282. 

Preservatives, 282. 

Pressure, air, 54-62; water, 124- 
1265725. 

Prevailing Westerlies, 60. 

Prevention, of food-spoiling, 106- 
109; of pullution of water supply, 
132-134; of disease, 194-195, 206- 
221; of fire, 251-258, 252*; of 
rust, 282; of wood decay, 282. 

Pressure, of air, 55-59; of steam, 
270-271, 270, 369, 374-376; of 
water, 344. 

Primary coil, 460*. 

Prime meridian, 30*. 

Printing, 444*-445*. 

Procession of ‘highs’? and “lows,’’ 
62*-64. 

Propeller, screw, 483, 495*-496*. 

Properties, meaning of term, 54; 
physical, 280-281; chemical, 281- 
282; of wood, 288; of building 
stones, 290-294, 290, 291*; of 
glass, 305. 

Proteins, principal sources of, 74, 
90-91, 97*, 99; uses of by body, 
74; test for, 88; composition of, 
90; results of over-eating, 90-91; 
calorie-producing value, 95; di- 
gestion of, 147-148, 747. 

Protoplasm, basis of life, 83*; com- 
position of, 90*. 

Ptomaine poisoning, 102. 

Pulley, 316*, 318" 9830"-332" 1930: 

Pulse, 155-156, 155. 
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Pumps, air, 56*; lift, 120*-123, 121*, 
121, 122; force, 122*-124*, 123*: 
air-dome force, 123*-124*; 
double-acting force, 124*; air- 
compression, 348-349*, 

Pupa, 216*, 219%. 

Pupil, of eye, 162*, 163. 

Purification of water (see water 
supply). 

Pus, 198. 

Push-button, 393*, 456. 


Quack doctors, 196, 221*-222*. 

Quarter-sawed lumber, 286*-287*, 
288*. 

Quick-lime, 303-304. 


Rabies, 221, 223. 

Radial-sawed lumber, 286*-287%*. 

Radiant energy, 40; reflection of, 
41*; absorption of, 41*; trans- 
mission of, 39-41*; and food 
manufacture, 81; change of body 
heat to, 176-177; absorption of 
by clothing, 179, 179. 

Radiation, of heat from human 
body, 176-177. 

Radiators, 268*, 270*, 271, 274*. 

Radio (see wireless communication). 

Railroads, development of, 479- 
480*. 

Relay, telegraph, 453-454*. 

Rain, formation of, 48. 

Rainfall, causes of, 46-53; relation 
to winds, 52; relation to temper- 
ature, 51-52; relation to humidity, 
51-52; relation to topography, 52- 
53; mean annual, in United 
States, 53*; as a source of water 
supply, 116. 

Reaction time, 160. 

Receiver, telephone, 459*, 461*-462. 

Refrigeration, refrigerator cars, 75*; 
of food, 109*, 108*; operation of 
home refrigerator, 109*. 

Registers, air, 266*-267*. 

Regulation, in human body, 175- 
178. 
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Reflection, of light from plarets, 4; 
of light from moon, 16; of light 
and radiant energy, 39-41; of 
sunlight by atmosphere, 417*- 
418, 417, 418; angle of, 417*-418, 
417: 

Relapsing fever, 203. 

Relaxation, of muscles, 148, 165, 
176. 

Resistance, electric, 397, 428. 

Reservoirs, construction of, 112*; 
of Tulsa, Oklahoma, 112*, 113*; 
location of, 114; of New York 
City, 117; use of, 124-126*, 125*; 
water pressure in, 125-126, 125; 
filters, 135-136. 

Respiration (see breathing). 

Respiratory system, parts of, 141*- 
142; function of, 142; value of 
exercise to, 156. 

Rest, value of, 144, 156. 

Retina, 162*, 163. 

Revolutions, of planets around sun, 
4, 20; of earth, 5. 

Rheostat, 409-410*, 409. 

Ribs, of human body, 141*. 

Rivers, as source of water supply, 
ily. 

Rocks, igneous, 294; metamorphic, 
294; sedimentary, 294. 

Roller-bearings, 338%. 

Rolling friction, 338. 

Roots, structure of, 
facing page 80). 

Rotation, definition of, 5; of earth, 5. 

Rotor, of turbines, 358; of dynamo, 
406*. 

Rubber, use of for clothing, 180. 

Rudder, of boats, 496*, 495*; of 
airplanes, 508*, 509*, 510*, 511*. 

Rusting, 236. 


(illustration 


Safety valve, 374*. 

Sailboats, 494*. 

Saliva, action on starch, 101, 146, 
146; glands, 146*. 

Salivary glands, 146%. 

Sandstone (see building stones). 
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Santa Maria, 483-484*. 

_ Sap, in plants, 81-82, 82. 

Satellites (see also moon), defini- 
tion of, 5; number around each 
planet, 4*. 

Saturn, number of moons of, 4*; 
order of distance from sun, 4*; 
period of revolution, 4*; rings of, 
4*, 13*; relative size, 5*; charac- 
teristics of, 13*-14, 20. 

Scarlet fever, 201, 209, 223. 

Sclerotic coat, of eye, 162*, 165*. 

Screw, 318*. 

Screw propeller, 483, 495*-496*, 
509*-510. 

Seasoning of lumber, 284-285. 

Seasons, causes of, 26-29, 27*, 26, 
28. 

Second-class lever, 327*, 328, 329*. 

Secondary coil, 460*. 

Sedimentary rocks, 294. 

Semi-direct lighting, 441. 

Septic tank, 133%. 

Series method, of electric connec- 
tions, 399*-400, 400. 

Serum, 224. 

Settling basin, 116*, 117, 137*. 

Sewage disposal, flush tank, 128*; 
house plumbing, 129*; cess-pools 
and septic tank, 133*; relation of 
to disease, 133-134, 214*-215*; 
methods of, 133*-134*. 

Sewer gas, 126, 129. 

Sextant, 500*-501*. 

Shale, 294. 

Shelters, of primitive peoples, 279- 
280, 279*, 280*. 

Shenandoah, 506. 

Ships (see sailboat and steamship). 

Shooting stars, 5. 

Short-circuits, 394, 395*. 

Signals, weather, 65*-66. 

Silk, fibers, 173*-174; composition 
of, 174; properties of, 178-180; 
microscopic test for, 182, 182; 
chemical test for, 182-183, 182; 
methods of washing, 187-188. 

Siphon, 351*-352, 351. 
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Skin, as excretory organ, 157*-158; 
structure of, 157*; effect of bath- 
ing on, 157*-158; as protection 
against germs, 205. 

Slaked lime, 304. 

Slate (see building stones). 

Sleep, value of, 144, 156. 

Sleeping sickness, 203. 

Sleet, 50. 

Sliding friction, 338. 

Small-pox, 203, 222-223. 

Smoke, formation of in burning, 
242, 422. 

Snow, 50, 51. 

Snow crystals, 50, 51*. 

Softening of water, 185-186, 185, 186. 

Soap, use of in washing clothes, 184- 
188; softening water effect of, 
185-186, 185, 196; action of on 
grease, 184*. 

Soft water, 114-115, 185-186, 785, 
186. 

Softwood, 287-288. 

Soil, formation of, 22*-23; and irri- 
gation, 73*-74; and drainage, 74; 
and fertilizers, 74. 

Soil-pipe, in plumbing, 129. 

Solar eclipse, 18. 

Solar time, 30. 

Solar system, principal planets, 4*; 
order of distance of planets from 
sun, 4*; bodies included in, 5*; 
table of facts about, 20; relative 
sizes of sun and planets, 5*. 

Soldering, of electric connections, 
399. - 

Solution, 144, 145. 

Sound, meaning of, 457; cause of, 
457*-458*, 457; pitch of, 457; 
quality of, 458; transmission of, 
458*-459*, 459, and air waves, 
457-459; and the telephone, 459, 
462. 

Sounder, telegraph, 450*, 452*, 453. 

Spores, of molds, 104*. 

Spots and stains, kinds of on 
clothing, 188-190; removal . of, 
188-190, 189, 190. 


INDEX 


Spur gear, 336, 337*. 

Sputum, 201. 

Stains and spots, kinds of on cloth- 
ing, 188-190; removal of, 188- 
190, 189, 190. 

Standard time, 31-32*. 

Standpipes (see reservoirs). 

Starch, manufacture of by plants, 
80-82, 81*; test for, 87; digestion 
of, 146, 146. 

Stars, clusters of, 2*; appearance in 
sky, 2; number visible to eye and 
through telescope, 2; size of, 3; 
why they appear small, 3; the 
sun as a star, 3; distance from 
earth, 3; how to locate, 8-11; 
constellations, 8-11; the brightest 
ones, 9*; star maps, 8*, 9*, 10*. 

Static electricity, 390. 

Steam (see also steam engine), gen- 
eration of, 269*-270, 269, 373*- 
376, 372*, 3874, 3874*, 375*; pres- 
sure of, 270-271, 270, 375-376; 
as source of energy, 340; and 
human progress, 368. 

Steam engine, uses of, 368-369; 
development of, 368*-369*; con- 
struction and operation of, 369%, 
376*-378; comparison of with gas 
engine, 371-372; on locomotive, 
378-379*; Cugnot’s, 479. 

Steam heating plant, 269*-271*, 
269, 270*. 

Steamships, 495-496. 

Stems, structure of (facing page 80*). 

Stephenson, George, 369, 479. 

Sterilization, 208. 

Stomach, 147*-148*. 

Stomates, 80-81*. 

Stone age, 280. 

Stones (see building stones). 

Stone quarries, 289*-294, 292*. 

Storage cells, and battery, 401*- 
403*, 401, 402*, 407. 

Storage tank, for hot water, 130*. 

Storm signals, 65*-66. 

Stoves, construction of, 231*-235, 
232*, 233*, 234*; wood and coal, 
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231*-232; kerosene, 232*-233*: 
gas, 233-235, 234*; drafts on, 
231*; damper on, 231*; develop- 
ment of, 260, 260*; versus fire- 
place, 262-266. 

Stratus clouds, 49. 

Streamline, 491. 

Stucco, 303-305. 

Suffecation, and treatment for, 
168*-169. 

Sun, as a star, 3; distance of from 
earth, 3; size relative to planets, 
5*, 12; as center of solar system, 
4*, 5, 12; force of gravity, 12; 
eclipse of, 18; as compared to 
earth, 12; rotation of, 12; angle 
of rays of, 26-29, 28*; as source 
of heat and light, 26-29, 39-42, 
40*, 41*, 414-421; cause of halo, 
50; as source of plant energy, 81- 
82; as source of energy, 339-341. 

Sun-stroke, treatment of, 169. 

Sugar, test for, 88. 

Surface water, 116. 

Suspension, of solids in water, 136, 
184. 

Symbols, for electric devices, 399%, 
400*, 453*, 454*, 456*, 460*, 467*, 
468*, 472*, 474%. 

Switches, types of, 394*, 432; uses 
of, 394. 

Symptoms, 198, 207. 

Tangential-sawed lumber, 286%, 
2877. 

Tapeworm, 221. 

Teeth, structure and function of, 
145*-146; cause of decay of, 145- 
146; care of, 146. 

Telegraph, discovery of, 446-447"; 
essential parts of, 449; construc- 
tion and operation of, 449-455, 
450*, 451*, 452*, 452, 453*, 454*; 
key, 450*, 452*; sounder, 450, 
452*, 453*; code, 450-451; one- 
wire system, 452*-453, 452; two- 
wire system, 452, 450*, 452; re- 
lay, 453-454*. 
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Telephone, discovery of, 447%; 
essential parts of, 449; construc- 
tion and operation of, 457-463; 
transmitter, 459*-461*, 460*; re- 
ceiver, 459*, 461*-462; induction 
coil, 460*; simple, 459*; system, 
460*-463; growth of, 462*, 463; 
number of, 463. 

Temperature, and angleof sun’srays, 
27*-29, 28*; relation to latitude, 
38; relation to weather, 38; rela- 
tion to climate, 38-39; relation to 
heat, 38; causes of change, 39- 
43*, 40*, 41*; and altitude, 42; 
mean annual in United States, 
43*; measurement of, 44*-46*, 
45*; and weight of air, 57; as a 
cause of winds, 56-57; of human 
body, 84; fever, 84; effect of 
evaporation on, 177, 177; burn- 
ing, 229-230; of living-room, 272- 
273. 

Tetanus, 202, 223. 

Thermometers, kinds of, 44-46; 
mercury, operation of 44; Fahren- 
heit scale, 45*; centigrade scale, 
45*; comparison of centigrade 
and Fahrenheit, 45*; recording 
thermometer, 46*; Galileo’s, 44*. 

Third-class lever, 327*, 329*. 

Thermograph, 46*. 

Tides, causes and period of, 18-19*. 

Tiles, 298. 

Time, earth as a clock, 29-32; 
solar time, 30-31; mean solar, 30- 
81; and longitude, 30*-32*; local 
versus standard, 30-32; standard 
time, 31-32*; belts of United 
States, 31-32*; use of in deter- 
mining longitude, 500*. 

Tire gauge, 345*, 354. 

Tissues, 142. 

Tobacco, effect of on body, 151- 
162. 

Tools, early kinds of, 279-281*. 

Torricelli, and the barometer, 58. 

Toxins, 198, 224. 

Toxeemia, 198. 


INDEX 


Traction, 486, 488*-489*. 

Transformation of energy, 339-341, 
340*, 237-238. 

Transformers, 432*, 465-467. 

Translucency, meaning of, 88, 416. 

Transmitter, telephone, 459*-461*, 
460*. 

Transparency, 305, 416. 

Transportation (see also land, water, 
and air transportation), relation 
to human progress, 477-478; 
development of land, 478-482; 
development of water, 482*-484*, 
483*, 485*; development of air, 
484-486*. 

Trachea, 85*, 151*. 

Traps, in plumbing fixtures, 129*; 
methods of cleaning, 129. 

Trichina, 102*, 221. 

Tsetse fly, 203. 

Tuberculosis, 201, 209. 

Tungsten filament lamps, 429-430, 
429. 

Tuning-coil receiving set, 471*-473, 
472*. 

Tuning, of ‘radio’ receivers, 471- 
472. 

Tunnels, use of air in construction 
of, 248-250. 

Turbinate bones, 150*. 

Turbine, 344, 345*, 358-359*. 

Typhoid fever, 201-203, 209-210, 
214*-215*, 223. 

Typhus fever, 203, 221. 


Undershot water wheel, 359*. 

Units, of distance, 321-323, 498; 
work, 321-323; force, 321-323; 
electricity, 396-397; power, 364- 
365; light intensity, 435-436; 
electric power, 436-437. 

Universe, great size of, 8, 7-8; 
nature of, 3. 

Uranus, number of moons of, 4*; 
period of revolution of, 4*; order 
of distance from sun, 4*; charac- 
teristics of, 14, 20; relative size 
of, 155: 
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Ursa Major (Great Bear, Big Dip- 
per), 8*, 9*, 10-11. 

Ursa Minor (Little Bear, Little 
Dipper), 8*, 9*, 10*, 11. 


Vaccination, 222-224. 

Vaccines, 222-224, 

Vacuum, 59, 352. 

Vacuum-cleaner, 352*-353*, 352. 

Vacuum-tube receiving set, 473*- 
475*, 474*. 


Valves, of pumps, 120*, 121*, 122*, . 


123*, 124*; of flush tank, 128*. 
Vanes, of machines, 85*, 141*; of 
turbine, 344; of windmill, 356. 

Vaporization, 381. 

Vegetables, as source of food, 76*- 
77*, 80-87, 91. 

Vegetable fibers, 173-174. 

Ventilating fireplace, 265*. 

Ventilation, purpose of, 154, 262; 
methods of, 154*, 154, 262; and 
heating, 262-275; and carbon 
dioxide, 272; window, 273-274*, 
272*; fan system of, 275*-276. 

Vibration, as source of sound, 457- 
459. 

Vitamines, sources of, 74, 96-99; 
kinds of, 98; effect on growth, 
96*, 98. 

Vitreous humor, in eye, 162*, 163. 

Venus, order of distance from sun, 
4*: relative size of, 5*; charac- 
teristics of, 12. 

Vocal cords, 457*-458. 

Voice, human, 457. 

Volatile, 244-245. 

Volt, 396, 436. 

Voltage, 397, 465-467. 


Warp, 181. 

Washing clothes, reasons for, 184; 
uses of soap in, 184-186, 184, 185, 
186; use of hard and soft waterin, 
185-186, 185; steps in process of, 
186-188. 

Water (see also water supply), effect 
of on weather and climate, 38-39, 
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41; uses of by human body, 74, 
100; use of by plants, 80-81; 
percentage of in foods, 97*, 99; 
as an essential to life, 111; early 
methods of obtaining, 111-112; 
soft and hard, 114-115; relation 
to disease, 114, 202, 208; surface, 
116; ground, 116; convection cur- 
rents in, 130, 130*; heaters, 130*- 
132*; distillation of, 138*, 138; 
composition of, 242, 242, 422; 
boiling point of, 269; change of 
to steam, 269, 269; energy of, 
340, 345-346, 359; incompress- 
ibility of, 344; transmission of 
force in, 362*-363*. 

Water covering, of earth, 7. 

Waterfall, 344. 

Water-front, 130*. 

Water power (see also water wheel), 
method of harnessing, 358-360; 
resources in United States, 361*; 
at Keokuk Dam, 365. 

Water supply, requirements of, 112- 
115; relation of to human prog- 
ress, 111-112; of Tulsa, Okla- 
homa, 112*, 118*; reservoirs, 
112*, 113*, 114, 117, 124-126*, 
125*; consumption by American 
cities, 113; sources of, 113, 116- 
120; distribution of, 113*-115*, . 
114*; mains, 114*; purity of, 114; 
requirements for different hours 
of day, 114, 115*; pollution of, 
114, 132*-134; relation of to 
disease, 114, 200-202, 208, 214*- 
215*; soft and hard, 114-115; 
daily pumpage in Chicago, 115*; 
dependence on _ rainfall, 116; 
methods of purification of, 116*, 
117, 118-120, 118, 118*, 135-139, 
135*, 135, 136*, 137*, 138*, 138; 
tunnels for, 117*, 248-250; con- 
trol of in buildings, 127*-131*, 
128*, 129*, 130*, 208*; heaters 
for, 130*-132, 131*; testing purity 
of, 134: pneumatic system for, 
354%, 
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Water table, 118*. 

Water transportation, development 
of, 482*-484*, 483*, 485*; sources 
of power, 482-483, 494-496; com- 
parison of old and modern ships, 
483*-484*, 485*; reasons why 
boats float, 491-493, 492, 493; 
sail-boats, 494*; steamships, 495- 
496; steering ships, 496-501. 

Water-tube boiler, 373*. 

Water wheels, uses of, 344; over- 
shot, 358*; undershot, 359*; 
Pelton, 359-360*. 

Watt, 436-437. 

Watt, James, 368-369. 

Weather, as a force of nature, 36-39; 
principal causes of, 38-39; and 
temperature, 39-43; and altitude, 
42; maps, 60*, 61*, 62*, 63*, 64; 
in regions of high pressure, 60*- 
61*, 63*; in regions of low pres- 
sure, 60-62, 61*, 60*, 63*; map 
symbols, 60; prediction of, 64; 
Bureau—activities of, 64-69, 66*; 
value of forecasts of, 64-69; 
signals, 65*-66; and climate rela- 
tions, 68. 

Wedge, 318-319*. 

Wells, shallow, 112, 118*, 119*; 
deep, 112, 118-120, 119; artesian, 
119*-120*; location of, 132*; oil, 
248-250*, 249*. 

Wheel and axle, 317*, 332-337*, 
333*, 334*, 335*, 336*. 

Windlass, 332-333*. 

Windmill, 346*, 354*, 356*-357*. 

Windows, use of in ventilation, 
273*-274*, 272*; relation of to 
proper lighting, 419-420. 

Winds, relation of to temperature 
and humidity, 52; causes of, 54- 
57; meaning of, 56; between 
“highs” and “lows,” 61*; spiral 
direction in “highs” and “lows,” 
61*-62; prevailing westerlies, 60; 


local, 64; use of for power, 356*- 
357*, 483, 484*, 494*. 

Wire, for electric circuits, 398-399, 
398. 

Wireless communication, connec- 
tion of cells and radio tubes, 400; 
essential parts of, 449; value of, 
448, 464; history of, 463-464; 
transmission of waves, 464; sim- 
ple sending set, 465*-468*, 467*; 
code, 468, 450-451; crystal-de- 
tector receiving set, 469*-470*; 
tuning-coil receiving set, 471*- 
473, 472*; vacuum-tube receiv- 
ing set, 473*-475*, 474*. 

Wood, as a fuel, 229-230; stone, 
231*-232; as a building material, 
283-289; grain in, 285-288; hard 
and soft, 287-288; advantages 
and disadvantages of, 288; prop- 
erties of, 288; versus other ma- 
terials, 288. 

Wood age, 280. 

Woof, 181. 

Wool, fibers, 173-174; composition 
of, 174; properties of, 178-180; 
microscopic test for, 181*; chem- 
ical test for, 182-183, 183; me- 
thods of washing, 187-188. 

Work, meaning of, 313-316; factors 
in, 314-315; rate of doing, 315; 
units of, 321, 322-323; measure- 
ment of, 321-323*; “work in,” 
326; “work out,’ 326. 

“Work in,” 326. 

“Work out,” 326. 

Worm gear, 336, 337*. 

Wright, Orville and Wilbur, 486. 

Writing, development of, 444*. 


Yeasts, nature of, 104-105*; cause 
of fermentation of, 103, 105. 

Yellow fever, 203-204, 218*-220, 
219*. 
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